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PREFACE. 


Having  laboured  some  years  in  the  hope  of  being  able  to  assist 
young  papermakers,  not  only  in  the   study  of  papermaking 
from  books  and  other  sources,  but  from  everyday  observation 
in  the  paper  mill ;  and  having  written  upon  the  subject  at 
different  times,  the  author  thought  it  would  be  as  well  to  collect 
his  scattered  notes,  and  pi-esent  them  to  the  paper  trade  in  a 
handy  form  for  reference.    This  small  book  is  pi-epared  with 
this  object.     The  Author  has,  moreover,  been  encouraged  to 
reprint  his  answers  to  the  City  and  Guilds  questions,  on  account 
of  requests  made  to  him  by  many  who  made  use  of  these  answers 
when  they  first  appeared  in  the  columns  of  PiVper  and  Pulp. 
No  attempt  has  been  made  to  include  an  introductory  chapter. 
The  book  is  merely  a  reprint  of  all  the  Author  has  published  on 
the  subject  of  the  City  and  Guilds  questions,  together  with  other 
matter  directly  bearing  on  the  subject.    It  is  earnestly  hoped 
that  students  for  the  City  and  Guilds  examinations  will  find  the 
book  of  some  service  by  way  of  instruction  and  preparation,  and 
further,  that  it  will  assist  paper  mill  hands,  foremen  and  others, 
to  answer  questions  of  a  similar  nature  for  themselves  in  their 
everyday  work. 

The  Author  wishes  to  express  his  thanks  to  those  friends 
who  have  rendered  him  valuable  assistance,  among  whom,  he 
would  particularly  mention  the  Examiners,  Mr.  C.  F.  Cross  and 
Mr.  George  Clapperton,  and  others,  whose  work  has  been  referred 
to  in  the  text. 

CLAYTON  BEADLE. 

Laboratories  :  15,  The  Boro', 

London  Bridge,  S.E. 
November,  1905. 
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TECHNICAL  EDUCATION  AS  APPLIED  TO 
PAPERMAKINQ. 

I  AM  not  aware  that  any  attempt  has,  so  far,  been  made  to 
discuss  the  general  bearing  of  "  technical  education "  in  its 
relationship  to  paper  manufacture.  The  constitutional  peculi- 
arities of  papermaking  render  it  all  the  more  necessary  that  this 
subject  should  be  discussed  strictly  on  its  own  merits,  and  not 
merely  as  part  of  a  general  scheme  for  technical  education.  The 
national  advantages  possessed  by  such  countries  as  the  United 
States  and  Scandinavia,  to  whom  our  markets  are  laid  open, 
expose  us  to  a  fierce  competition  and  rivalry,  and  render  it  all 
the  more  necessary  for  us  to  do  all  that  lies  in  our  power  to 
foster  technical  education,  to  insure  the  utmost  economy  and 
efficiency  of  working,  as  well  as  to  keep  up  the  quality  of  our 
products. 

I  do  not  claim  originality  in  the  views  and  statements  which 
I  am  about  to  put  forward.  On  the  contrary,  I  wish  it  to  be 
understood  that  they  have  been  gleaned  from  various  sources, 
as  the  result  of  my  contact  with  members  of  the  trade.  I  feel 
that  the  subject  is  now  ripe  for  discussion,  and  if  this  paper  is 
the  humble  means  of  initiating  a  discussion,  I  shall  feel  amply 
justified  in  bringing  it  before  your  notice. 

There  appear  to  be  differences  of  opinion  as  to  what  technical 
education  comprises.  These  two  words,  "  technical  education," 
are  in  the  mouth  of  all  those  who  discourse  on  the  subject  of 
education  generally.  For  a  legal  definition  of  "  technical  educa- 
tion," I  would  refer  you  to  some  recent  utterances  of  Lord 
Salisbury,  in  which  he  points  out  that  even  the  State  definition 
by  Act  of  Parliament  is  somewhat  vague.  Technical  education 
is  really  "special  education,"  and,  in  my  opinion,  might  well  be 
defined  as  "  education  designed  on  behalf  of  any  special  calling." 

The  subject  of  technical  education  generally  is  only  just 
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beginning  to  assume  definite  shape.  There  appear  to  be  no 
books  on  its  general  principles  other  than  official  books,  I  have 
been  unable  to  find  a  single  book  devoted  to  the  subject  gene- 
rally. This  appears  to  be  strange,  because  there  are  general 
principles  which  underlie  technical  education,  as  applied  to  all 
subjects.  This  is  evident  to  anybody  who  has  studied  the  subject, 
even  superficially.  A  book  which  could  demonstrate  the  general 
principles  common  to  all  departments  of  technical  education, 
would  be  of  great  assistance  to  technical  instructors  and  students, 
and  would  tend  to  bring  about  a  uniformity  in  the  methods  of 
teaching  various  subjects.  At  present  I  venture  to  think  there 
is  little  uniformity  in  the  method  employed  by  teachers  of 
different  subjects,  to  say  nothing  of  those  employed  by  teachers 
on  the  same  subject  in  different  parts  of  the  country. 

The  question,  therefore,  that  confronts  us  is:  How  are  we 
to  so  design  and  apply  education  so  as  to  render  it  of  efficient 
service  in  the  manufacture  of  paper  ?  I  will  not  pretend  to  give 
a  solution  to  this  question,  but  I  sincerely  hope  that  my  remarks 
may  lead  those  chiefly  interested  in  the  matter  to  give  it  their 
most  serious  consideration,  and  that  by  so  doing  some  useful 
progress  will  be  made. 

I  have  already  made  an  attempt,  through  the  medium  of  the 
Paper  Maker  in  my  articles  on  "  Technical  Education  as  applied 
to  Papermaking  "  and  "  Chemistry  and  Papermaking,"  to  discuss 
the  subject  in  its  general  bearings,  and  some  of  the  following 
remarks  have  already  appeared  in  the  articles  above  referred  to. 


Chemistry  and  Engineering. 

In  order  to  assess  the  relative  importance  of  Chemistry  and 
Engineering,  for  the  purpose  of  papermaking,  it  is  necessary  to 
consider  briefly  the  conditions  of  the  paper  trade  in  this  country. 

Prior  to  the  introduction  of  "  chemical "  and  "  mechanical " 
wood-pulp,  the  whole  of  the  chemical  as  well  as  the  mechanical 
operations  were  conducted  in  the  paper  mill.  Of  recent  years, 
however,  a  great  change  has  taken  place.  Wood,  which  now 
forms  a  large  bulk  of  the  material  used  for  paper  manufacture 
(and  is  likely  to  form  even  a  greater  proportion  of  the  materials 
used  in  the  near  future),  is  now  chemically  and  mechanically 
treated  close  to  the  sources  of  the  supply.  The  consequence  of 
this  is  that  the  whole  of  the  mechanical  and  chemical  operations 
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involved  in  the  conversion  of  timber  into  wood  pulp,  are  no 
longer  conducted  in  this  country,  but  have  to  be  performed  in 
the  United  States,  Canada,  and  Scandinavia. 

All  those  who  are  engaged  in  the  paper  manufacture  in  this 
country,  and  likely  to  remain  here,  do  not  necessarily  require  a 
knowledge  of  these  processes,  although  it  is  advisable  that  they 
should  know  as  much  as  possible  of  the  treatment  of  the  raw 
material  prior  to  their  receiving  it  for  conversion  into  paper. 
This  country  is  cut  off  from  performing  a  large  proportion  of  the 
chemical  treatment,  and  now  gives  its  attention  more  strictly  to 
the  actual  paper  manufacture,  leaving  the  treatment  of  much  of 
the  raw  material  to  other  countries. 

I  venture  to  think  that  too  little  stress  is  laid  upon  the 
engineering  aspect  of  papermaking.  It  is  generally  conceded 
that  chemical  knowledge  is  indispensable,  but,  in  my  opinion, 
mechanical  knowledge  is  equally  a  necessity  in  modern  paper- 
making.  Papermaking  may  be  regarded  as  a  species  of  chemical 
engineering.  Dr.  Witt,*  in  his  paper  before  the  International 
Congress  held  at  the  Society  of  Arts  in  1897,  remarked,  "  Dyeing, 
calico-printing,  and  papermaking  are  perhaps  the  only  chemical 
industries  which  may  rightly  claim  the  necessity  of  some  special 
instruction  in  the  methods  of  their  manipulation."  Notice  that 
Dr.  Witt  describes  papermaking  as  a  chemical  industry. 

As  regards  the  necessity  for  engineering  in  so-called  chemical 
industries,  I  would  draw  your  attention  to  the  remarks  made  by 
Mr.  Gr.  E.  Davies,  in  his  excellent  treatise  on  "  Chemical  Engi- 
neering." He  endeavours  to  trace  the  influence  of  a  qualified 
engineer  being  at  the  head  of  affairs  in  a  chemical  industry 
such  as  in  "Alkali  Making."  One  would  almost  judge  from  his 
remarks  that  in  such  a  case  he  considers  engineering  of  para- 
mount importance,  if  not  of  equal  importance  with  chemistry.f 

There  are  many  intricate  chemical  operations  involved  in 
the  manufacture  of  paper,  but,  in  spite  of  this,  papermaking  is 
very  largely  a  mechanical  operation.  A  proper  understanding 
of  either  the  chemical  or  mechanical  operations  necessitates  a 

*  "  Eelations  existing  between  the  Teaching  of  Pure  Chemistry  and  Applied 
Chemistry,"  by  Otto  N.  Witt,  Ph.D.,  at  the  International  Congress  ou  Technical 
Education. 

t  ".  .  .  the  fact  was  not  to  be  ignored  that  the  engineer  with  a  little 
knowledge  of  chemistry  generally  was  more  successful  than  the  chemist  with 
a  smattering  of  engineering,  which  goes  a  long  way  to  prove  that  the  engineering 
knowledge  was  the  more  valuable  of  the  two."—"  A  Handbook  of  Chemical 
Engineering,"  by  G.  E.  Davis,  i)art  i.,  p.  2, 


knowledge  of  both  chemistry  and  engineering,  in  consequence  of  it 
being  impossible  to  separate  the  two  branches  of  papermaking 
one  from  the  other.  The  machinery  of  a  paper  mill  is  also 
intricate  and  of  a  very  diversified  order.  From  a  structural 
point  of  view  alone,  and  for  the  purpose  of  repairs  and  general 
up-keep  of  the  mill,  managers,  foremen,  and  others  in  respon- 
sible positions  should  certainly  have  a  considerable  knowledge  of 
engineering. 


Chemistey  and  Constitutional  Difficulties. 

Science  is  making  strides  year  by  year,  but  it  must  be 
remembered  that  the  acquisition  and  accumulation  of  scientific 
knowledge  is  a  far  easier  thing  than  its  industrial  application. 
It  is  hard  enough  to  apply  chemical  knowledge  to  working  out 
and  developing  some  new  industry — even  in  the  case  of  some 
chemical  industry, — but  it  is  far  harder  to  apply  chemical  know- 
ledge to  an  old-established  industry  like  papermaking.  The 
art  of  papermaking  (at  any  rate  up  to  the  middle  of  the  last 
century)  had  been  acquired  almost  without  the  aid  of  chemical 
knowledge.  Many  of  the  most  successful  papermakers  the  world 
has  ever  seen  had  no  chemical  knowledge  whatever.  Moreover, 
a  prejudice  has  been  engendered  against  science  by  those  men 
who  had  made  themselves  successful  without  it  assuming  that 
it  was  unnecessary,  and  teaching  others  to  believe  so.  I  would 
furthermore  mention  another  difficulty,  largely  as  a  consequence 
of  the  foregoing,  namely,  that  papermaking,  being  the  outcome 
of  rule-of-thumb  practice,  is  constitutionally  unscientific;  and  in 
a  large  measure  unfit  to  receive  help  from  chemistry.  These  are 
some  of  the  constitutional  difficulties  which  confront  us.  I  call 
them  constitutional  advisedly,  as  I  wish  to  urge  that  educational 
advance  will  be  largely  influenced  by  constitutional  changes,  or 
retarded  by  constitutional  inactivity. 


Papeemaking  as  a  Peofession. 

If  we  look  at  other  industries  that  are  as  old  as  papermaking, 
but  at  the  same  time  amenable  to  scientific  treatment,  we  find 
that  they  have  been  transformed  into  truly  scientific  operations. 
Take,  for  instance,  the  operations  of  mining  and  the  manufacture 
of  iron  and  steel.    These  operations  have  been  studied  in  the 
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minutest  details  by  eminent  engineers,  and  also  by  the  leading 
metallurgists  and  chemists  in  all  parts  of  the  world.  The  result 
is  that  their  general  principles  are  taught  daily,  and  national 
institutions  have  sprung  up  where  first-class  training  can  be  got, 
and  young  men  thus  educated  are  able  to  start  their  career  with 
a  thorough  knowledge  of  the  art  or  craft  of  their  profession. 
By  such  means,  mining  and  engineering  have  been  raised  to  the 
rank  of  professions. 

These  professions  gave  rise  to  such  powerful  bodies  as  the 
School  of  Mines  (now  the  Royal  College  of  Science),  especially 
for  the  education  of  young  fellows  who  devote  their  lives  to 
mining  operations  ;  the  Institute  of  Civil  Engineers  ;  the  Insti- 
tute of  Mechanical  Engineers  ;  the  Iron  and  Steel  Institute,  &c., 
to  say  nothing  of  the  bodies  devoted  to  electrical  engineering. 

When  we  can  bring  about  this  much-to-be-desired  change, 
not  necessarily  in  the  actual  manufacture  of  paper  itself,  but  in 
our  mode  of  regarding  the  principles  of  its  manufacture,  and 
in  our  mode  of  enunciating,  demonstrating,  and  treating  them, 
then,  and  not  till  then,  can  we  rank  papermaking  side  by  side 
Avith  other  so-called  professions. 


The  Relation  of  the  Chemist  to  Papermaking. 

I  venture  to  think  that  the  national  prosperity  of  paper- 
making  in  this  country  will  largely  depend  upon  the  attitude  of 
the  papermaker  to  the  chemist,  and  the  attitude  of  the  chemist 
to  the  papermaker.  As  this  relationship  must  also  affect  the 
educational  question,  I  think  it  deserves  special  consideration. 
The  resident  chemist,  or,  more  correctly  speaking,  the  person 
responsible  for  the  routine  chemical  work  of  the  paper  mill, 
should  exercise  more  influence  than  he  is  able  to  exert  at  present. 
I  am  strongly  of  opinion  that,  in  spite  of  the  indifference  of  the 
papermaker  to  science,  the  resident  chemist  has  been  largely  to 
blame  for  his  non-success.  In  many  cases,  the  chemist  is  not  a 
properly  qualified  man,  he  is  not  at  all  practical,  he  is  by  no 
means  a  disciplinarian  in  his  work,  and  he  seldom  carries  his 
work  to  a  satisfactory  issue.  The  chemist  is  too  often  a  dabbler, 
who,  when  he  is  set  to  work  out  some  problem,  does  it  in  a 
half-hearted  way.  He,  perhaps,  succeeds  on  a  laboratory  scale, 
and  is  not  sufficiently  in  touch  with  the  practical  man  to  be  able 
successfully  to  accomplish  his  work  on  a  large  scale. 

I  venture  to  think  that  it  is  a  mistake  for  the  chemist  to 
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content  himself  with  a  knowledge  of  chemistry  only  ;  it  is  advis- 
able that  he  should  be  a  good  draughtsman  and  have  some 
knowledge  of  engineering.  Further,  it  is  important,  if  not 
essential,  that  he  should  have  had  a  thorough  drilling  in  the 
paper  mill.  ,How  often  has  a  manufacturer  taken  a  young 
fellow  possessing  a  good  elementary  training  as  a  chemist,  and 
met  with  nothing  but  disappointment.  It  sometimes  happens 
that  a  young  man  of  this  stamp  will  rise  to  the  occasion,  and 
instinctively  acquire  a  technical  grasp  of  the  particular  manu- 
facture to  which  he  is  giving  his  services  ;  but  such  men  are  few 
and  far  between,  and  it  is  consequently  a  dangerous  experiment 
to  employ  a  man  under  such  conditions. 

On  the  other  hand,  the  chemist  is  often  left  too  much  to  his 
own  devices  by  the  practical  papermaker.  He  is  not  called  upon 
to  give  sufficient  account  of  himself  and  his  work,  and  is  left  to 
study  what  problems  he  likes.  It  is  only  when  something  for 
which  the  chemist  is  supposed  to  be  responsible  goes  radically 
wrong  that  he  is  brought  to  book.  The  appliances  at  the  dis- 
posal of  the  resident  chemist  rule,  altogether  inadequate 
for  useful  work,  and  as  the  equipment  that  a  chemist  requires  for 
paper-mill  work  is  not  expensive,  there  can  be  no  excuse  for  his 
not  having  what  he  requires.  I  am  inclined  to  think  that  the 
chemist  is  partly  to  blame  for  not  adequately  equipping  his 
laboratory  for  the  work  he  has  to  do. 


Duties  of  Works  Chemist. 

The  foundation  of  the  work  of  a  resident  chemist  should 
be  routine  work,  undertaken  at  the  instance  of  the  principals 
of  his  firm.  The  work  should  be  carefully  chosen,  care  being 
taken,  of  course,  that  no  unnecessary  work  is  done.  There  are 
many  tests  that  should  be  undertaken  as  routine  work,  either 
daily,  weekly,  or  fortnightly,  as  circumstances  warrant.  The 
laboratory  should  be  so  equipped  as  to  render  this  work  as  easy 
and  rapid  as  possible.  Records  of  the  tests  should  be  kept  in 
books,  to  which  members  of  the  firm  can  refer,  and  there  is  no 
reason  why  they  should  not  be  entered  with  as  much  regularity 
and  precision  as  entries  are  made  in  the  day-book  or  ledger 
in  the  counting-house.  The  rapidity  and  precision  of  routine 
chemical  work  is  largely  dependent  upon  the  choice  of  suitable 
methods. 

When  certain  observations  become  matters  of  everyday 
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routine,  it  is  possible  so  to  arrange  the  work  as  to  reduce  labour 
and  minimize  the  possibility  of  error.  An  investigation  should 
be  conducted  in  such  a  way  as  to  bring  into  due  prominence  the 
particular  point  requiring  elucidation.  A  chemist  will  some- 
times take  too  much  pains  over  details  that  have  no  bearing 
whatever  on  the  point  at  issue  ;  this,  of  course,  is  a  great  waste 
of  labour. 

There  are  many  questions  relating  to  papermaking  that  are 
extremely  complex,  and  a  chemist  should  form  no  judgment, 
except  after  repeated  verification  of  his  results.  In  bringing 
his  results  before  a  practical  papermaker,  if  need  be,  the  chemist 
should  present  his  figures  in  such  a  way  as  to  be  thoroughly 
intelligible  to  an  unscientific  mind.  The  choice  of  work  should 
have  very  careful  consideration.  In  this  matter  the  chemist 
should  be  largely  influenced  by  the  practical  papermaker.  The 
work  might  be  conveniently  divided  under  three  headings — 

(1)  Eoutine  chemical  work. 

(2)  Special  investigations. 

(3)  Research  work. 

No.  1  should  be  undertaken  first,  No.  2  as  occasion  requires, 
and  No.  3  as  time  and  circumstances  permit.  Under  the  heading 
of  No.  1  tliere  are,  I  should  judge,  twenty  lines  of  work  appli- 
cable to  any  paper  mill.  Under  No.  2  must  be  included  all 
special  work  that  the  chemist  is  called  upon  to  undertake  from 
time  to  time,  such  as  the  testing  of  any  new  process.  No.  2 
will  be  a  greater  test  of  the  chemist's  capabilities  than  No.  1 . 

The  research  work  should  be  entirely  spontaneous  on  the  part 
of  the  chemist.  If  he  has  the  time  and  opportunity,  he  might 
undertake  investigations  on  his  own  initiative,  and  he  should  not 
be  discouraged  from  so  doing  by  his  employers,  so  long  as  the 
work  in  question  has  some  important  bearing  on  papermaking. 

My  reasons  for  stating  that  a  chemist  should  be  something 
more  than  a  chemist,  are  as  follows  :  He  should  certainly  be  able 
to  do  such  things  as  indicate  a  steam  engine,  conduct  boiler 
trials  upon  the  evaporative  efficiency  of  fuels,  or  determine  the 
relative  efficiencies  of  different  types  of  furnaces,  &c. ;  unless 
he  is  somewhat  of  a  mechanic,  he  will  not  be  able  to  make  special 
appliances  required  for  his  investigations,  or  to  instruct  others 
to  do  so  ;  unless  he  is  a  draughtsman,  he  will  not  be  able  to 
make  his  own  designs  or  submit  drawings  to  his  principals. 
Unless  he  has  actually  been  drilling  in  papermaking,  he  will 
most  likely  content  himself  by  testing  a  process  on  a  laboratory 
scale  only.    With  practical  experienc3  of  industrial  processes  a 


inau,  however  scientific,  if  properly  balanced,  will  not  be  con- 
tented with  laboratory  investigations  alone  ;  he  will  regard  such 
work  as  stepping-stones  only,  and  proceed  to  repeat  his  experi- 
ments on  a  more  extended  scale,  and  under  conditions  which 
obtain  in  practice.  Then,  and  not  till  then,  can  he  feel  the  least 
assurance  of  success  on  an  industrial  scale, 

I  have  said  enough  in  reference  to  the  duties  and  responsi- 
bilities of  a  paper-mill  chemist,  but  the  primary  responsibility 
appears  to  rest  with  the  practical  man.  How  is  it  that  most 
papermakers  have  no  resident  chemist  at  all,  whilst  others  have 
men  who  are  mere  dabblers,  who,  absolutely  devoid  of  system, 
do  just  what  they  like  and  leave  the  rest  ?  "Whose  fault  is  it 
that  such  is  the  case  ?  I  venture  to  think  that  the  papermakers 
are  partly  to  blame  for  not  employing  thoroughly  good  men,  and 
placing  the  necessary  appliances  at  their  disposal.  Such  men 
will  be  forthcoming  if  the  papermakers  show  more  desire  to 
enlist  their  services. 


The  Waxt  of  Educational  Opportunities. 

The  student  who  desires  to  instruct  himself,  either  for  his 
general  advancement  or  for  the  purpose  of  passing  the  City  and 
Guilds  of  London  Institute  Examination,  is  confronted  with 
many  difficulties,  and  it  is  as  well  that  these  difficulties  should 
be  appreciated.  He  is  more  likely  than  not  to  be  living  in  some 
out-of-the-way  place  where  he  is  dependent  entirely  upon  his 
own  resources.  We  take  it  for  granted  that  he  holds  some  post 
in  a  paper  mill.  It  is  hardly  to  be  expected  that  his  employers 
would  permit  him  to  "  poke  his  nose  "  into  every  department  in 
the  mill  for  the  purpose  of  gaining  information.  If  this  would 
be  permitted  (which  is  extremely  improbable,  not  to  say  un- 
reasonable) no  one  mill  will  afford  a  sufficient  object-lesson  for 
the  purpose  of  his  studies.  He  is  therefore  thrown  back  on  what 
literature  he  can  obtain.  He  would  require  to  save  up  his  money 
for  a  considerable  time  in  order  to  purchase  the  books  recom- 
mended for  study  in  the  syllabus  of  the  City  and  Guilds  of 
London  Institute,  the  total  cost  of  these  books  being  about 
£11.* 

The  publication  of  Hofmann's  Treatise  was  discontinued 

*  City  and  Guilds  of  Loudon  Institute.  Programme  of  Technical  Exami- 
nations, p.  57. 
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after  a  sixth  number,  and  therefore  only  about  a  tMrd  has 
appeared.  Also  the  student  cannot  now  obtain  copies  of  the 
"Practical  Papermaker,"  by  Dunbar,  and  the  "Art  of  Paper- 
making"  (Kent  &  Co.),  as  both  these  books  are  now  entirely 
out  of  print ;  it  must  not  be  forgotten  also  that  the  "  Chemistry 
of  Papermaking,"  by  Griffith  and  Little,  and  also  Dr.  Avnot's 
Lectures,  are  out  of  print.  The  student  is  therefore  severely 
handicapped,  as  out  of  eleven  books  recommended  for  reading, 
four  are  now  out  of  print,  and  one  is  only  partially  issued. 
Special  articles,  also,  referred  to  in  the  trade  journals,  are  for 
the  most  part  out  of  print,  and  therefore  impossible  to  obtain. 
Even  assuming  that  the  pupil  has  all  the  literature  on  the  sub- 
ject available,  either  in  his  own  possession  or  at  some  institute, 
he  must  have  guidance  in  his  studies. 


PAPERMAXma  LiTEEATURE. 

The  text-book  literature  is,  for  the  most  part,  empirical,  it 
does  not  deal  with  the  general  principles  involved  in  the  manu- 
facture of  paper,  it  gives  a  general  description  of  the  various 
processes,  receipts,  and  illustrations  of  plant,  &c.  General  prin- 
ciples hold  good  for  all  time,  but  empirical  knowledge  becomes 
Obsolete  in  proportion  as  the  industry  advances.  Many  of  the 
text-books  on  papermaking  are  old,  and  consequently  out  of 
date.  The  student  who  studies  these  may  be  unconsciously 
acquiring  knowledge  of  what  was  done  twenty  or  thirty  years 
ago,  instead  of  what  is  being  done  at  the  present  day.  Of  course 
we  cannot  do  more  than  make  use  of  the  literature  that  we  have 
at  our  disposal,  but  those  who  are  attempting  to  educate  students 
should  warn  them  of  the  difficulties  with  which  they  have  to 
contend,  and  should  direct  and  advise  them  in  their  studies,  so 
as  to  save  them  unnecessary  labour. 

Although  text-book  knowledge  is  very  useful  in  its  way,  and 
very  much  to  be  encouraged,  it  will  never  make  a  man  a  good 
papermaker ;  the  ordinary  text-book  is  more  to  be  desired  as 
a  book  of  reference  or  a  book  at  the  elbow  than  a  book  to  be 
committed  to  memory.  That  which  come?  to  the  memory  should 
savour  more  of  practical  experience  than  of  text-book  knowledge. 

From  an  educational  standpoint,  a  knowledge  of  the  general 
principles  involved  is  much  to  be  desired  ;  this  can  be  acquired, 
in  a  measure,  by  careful  study  of  the  history  of  paper  manufac- 
ture.   History  reveals  a  gradual  evolution  since  the  introduction 
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of  the  Fourdrinier  machine.  This  is  itself  a  valuable  object- 
lesson  demonstrating  the  unfolding  of  general  principles.  History 
also  lends  additional  interest,  and  will  often  stimulate  reading 
as  well  as_  inquiry.  The  reasons  for  the  abandonment  of  one 
appliance  in  favour  of  another,  and  the  effect  of  such  a  cliange 
on  the  improvement  or  otherwise  of  the  product  under  treatment, 
and  also  upon  economies  of  production,  if  followed  in  all  its 
stages,  reveals  to  us  in  the  truest  light  the  scientific  aspect  of 
paperraaking.  Such  studies  are  to  be  recommended  for  advanced 
students,  and  will  be  found  most  fascinating,  besides  being  of 
real  practical  value  and  encouraging  scientific  methods.  One 
cannot  over-estimate  the  importance  of  following  step  by  step 
the  improvements  that  Lave  been  effected  from  time  to  time  in 
paper  manufacture,  their  cause  and  effect,  and  why  we  have  held 
to  certain  things,  and  why  we  have  abandoned  others. 

Technical  Education  eeom  the  Workman's  Point  of 
View. 

Let  us  now  regard  the  question  of  education  from  the  working 
uiin's  point  of  view.  Mr.  Davis  says  (see  above),  "  It  is  quite 
evident  that  the  ordinary  working  man  is  not  dependent  in  any 
way  for  the  excellence  of  his  work  upon  any  scientific  knowledge 
he  may  possess.  It  would  not  be  fair  to  say  that  the  possession 
of  any  scientific  knowledge  on  his  part  would  be  a  disqualifica- 
tion for  his  work,  but  in  all  ordinary  cases  he  would  be  just  as 
well  without  it."  However  true  this  may  be  in  some  chemical 
industries,  I  do  not  think  it  is  true  of  papermaking.  It  is 
important  that  the  working  man  should  have  an  intellectual 
grasp  of  the  general  principles  involved  in  the  particular  work 
he  has  to  perform  (which  is  only  another  way  of  saying  that  he 
should  have  scientific  knowledge  of  his  work),  however  limited 
in  scope  that  work  may  be.  In  the  case  of  papermaking,  which 
perhaps  is  a  peculiar  one,  he  should  have  more  than  this,  for 
the  simple  reason  that  each  process  is  dependent  upon  its  pre- 
decessor, and  influences  that  which  is  to  follow.  The  working 
man,  therefore,  in  order  that  he  may  do  his  work  well  and  intel- 
ligently, should  have  some  scientific  knowledge  of  the  other 
branches  of  the  work  which  influence  his  own  or  are  influenced 
by  his  own.  I  am  sure  many  practical  papermakers  are  fully 
alive  to  this. 

It  is  said  that  paper  is  made  in  the  rag-house  :  this  implies 
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that  the  preliminary  treatment  of  the  raw  material  before  it 
■eceives  its  real  chemical  and  mechanical  treatment,  affects  the 
whole  of  the  subsequent  operations.*  And  yet,  how  little  the 
foreman  of  a  rag-house,  to  say  nothing  of  those  under  him, 
knows  of  the  after  processes.  Many  of  these  workpeople,  and 
undoubtedly  with  good  reason,  have  not  been  permitted  to  walk 
through  the  other  departments  of  the  paper  mill.  The  same 
may  be  said  of  the  "  boiling,"  and  perhaps  with  greater  force  of 
the  "beating"  departments.  The  beaterman,  in  my  opinion, 
should  possess  a  considerable  knowledge  of  the  processes  to 
which  the  stuff  is  submitted,  prior  to  the  beating,  and  also 
(which  is  perhaps  more  important)  a  knowledge  of  the  influence 
which  some  slight  change  in  the  beating  will  produce  in  the 
behaviour  of  the  stuff  on  the  machine,  and  its  effect  upon  the 
(jualities  of  the  finished  paper. 

I  claim,  also,  from  another  standpoint,  that  all  workmen 
should  be  able  to  avail  themselves  of  technical  instruction.  In 
order  to  appreciate  their  claims  to  technical  education,  let  us 
endeavour  to  place  ourselves  in  their  positions.  Undoubtedly 
workmen  are  ambitious  of  improving  their  positions.  The  boy 
comes  to  a  paper  mill,  and  is  put  into  some  irresponsible  position 
where  he  has  to  do  little  else  than  manual  labour.  As  time  goes 
on,  and  as  opportunities  present  themselves,  he  is  given  a  "  rise  " 
and  put  in  a  better  position.  He  is  drafted,  perhaps,  from  one 
department  to  another,  and  he  gradually  takes  a  more  responsible 
position.  He  may,  in  the  course  of  his  multifarious  duties,  have 
occupied  every  position  in  a  paper  mill.  It  is  important  that 
he  should  have  the  opportunity  from  the  very  commencement, 
not  only  in  his  own  interest  but  also  in  the  interest  of  his 
L'uiployers,  of  obtaining  a  more  intellectual  grasp  of  the  work 
he  has  to  perform  than  he  can  gather  from  mere  observation  in 
the  mill  itself.  Such  knowledge  must  tend  towards  efficiency, 
it  must  give  additional  interest  to  work,  and  also  it  must  assist 
a  man  to  qualify  himself  for  a  better  position. 

Education  by  Tradition  and  Geographical  Isolation. 


In  former  days  knowledge  was  acquired  by  the  old  system 
of  apprenticeship.  The  accumulative  experience  in  many  mills 
must  have  been  great.  This  knowledge  was  handed  down  by 
tradition  from  one  generation  to  another.    Men,  in  order  to 

*  The  same  remark  is  ofteu  applied  to  the  "beating." 
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maiufcaia  their  positions,  perhaps,  after  they  were  disqualified 
through  age  or  want  of  energy  from  carrying  out  their  duties 
efficiently,  would  refuse  to  impart  the  knowledge  they  possessed 
to  those  under  them.  The  result  has  been,  over  and  over  again 
in  many  industries  and  in  many  mills,  that  this  unwritten  know- 
ledge has  died  with  the  individual,  and  has  to  be  reacquired  by 
some  means  or  other. 

There  is  also  another  barrier.  Paper  mills  are  distributed  in 
various  parts  of  the  country,  often  in  inaccessible  and  isolated 
places  ;  from  a  geographical  point  of  view,  therefore,  there  are 
barriers  to  united  action.  A  papermaker  often  had  little  or 
no  knowledge  of  what  his  next-door  neighbour  was  doing.  His 
instructions  were  often  verbal,  and  there  was  no  written  litera- 
ture of  the  mill.  The  valuable  knowledge  gained,  after  many 
years  of  experience,  might  easily  become  extinct  on  the  death 
of  one  of  the  members  of  the  firm,  or  perhaps  on  a  change  of 
management.  It  must  not  be  forgotten  that  experience  is  not 
inherited,  but  has  to  be  acquired. 

What  militated,  not  many  years  ago,  against  any  possible 
chance  of  educational  advancement,  or  perhaps  industrial  pro- 
gress, was  the  conservatism  and  isolation,  and,  sometimes  perhaps, 
the  jealousies  of  the  papermakers  in  different  parts  of  the 
country.  This  state  of  affairs,  from  the  industrial  point  of 
view,  has  for  the  most  part  been  remedied.  Eapid  advancement, 
keen  competition,  and  change  of  methods  have  wiped  out  all 
this,  and  the  keen  competition  which  now  assails  all  members 
of  the  trade  compels  them  to  look  for  some  united  action  to 
enable  them  to  maintain  their  individual,  as  well  as  their  national 
supremacy. 

Thk  Necessity  foe  Teaching  the  "Practice." 

Sir  Philip  Magnus,  in  his  paper  on  the  "  Theory  and  Practice 
of  Trade  Teaching,"  refers  to  the  interpretation  put  upon  the 
following  words  in  the  Technical  Instruction  Act:  "Shall  not 
include  teaching  the  practice  of  any  trade  or  industry  or  employ- 
ment." *  He  points  out  how  these  words  have  received  very 
liberal  interpretation.  It  is  difficult  to  conceive  how  any  trade 
or  industry  can  be  taught  to  any  great  advantage,  unless  the 
practice  of  the  trade  is  taught  at  the  same  time.  There  is  a  good 
deal  to  be  said  on  this  point  in  relation  to  papermaking.  The 

*  "  lutematioual  CougTess  ou  Technical  Educatiou,"  p.  27, 
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A.cfc  appears  to  throw  the  onus  of  teaching  the  'practice  of  the 
industry  upon  the  manufacturers  themselves.  It  must  be  con- 
ceded that  indiscriminate  teaching  is  likely  to  be  productive  of 
as  little  good  as  indiscriminate  charity.  Like  everything  else, 
it  requires  to  be  properly  organised.  It  is  impossible,  for  reasons 
above  stated,  for  the  average  student  who  desires  to  make  a 
study  of  the  general  principles  of  papermaking,  to  obtain  a 
jufficient  diversity  of  practice,  or  of  knowledge,  in  the  capacity 
in  which  he  works  in  a  paper  mill.  His  technical  knowledge 
(vill,  of  necessity,  become  limited  unless  the  practice  of  the  art 
3an,  in  some  way,  be  demonstrated  outside  his  individual  work. 
On  the  other  hand,  the  papermakers,  as  individuals,  cannot 
resolve  themselves  into  educational  bodies. 


Technical  Equipment. 

To  overcome  these  difficulties  the  Municipal  School  of  Tech- 
lology,  Manchester,  are  setting  a  most  excellent  example  by  the 
jrection,  at  a  great  outlay,  of  an  installation  of  papermaking 
ippliances  on  a  small  scale,  by  means  of  which  the  various 
arocesses  of  paper  manufacture  can  be  demonstrated  to  paper- 
nill  workers.  I  am  much  indebted  to  Mr.  J.  H.  Eeynolds, 
Principal  of  the  Municipal  School  of  Technology,  Manchester, 
'or  his  courtesy  in  supplying  me  with  details  of  the  equipment, 
The  plant  has  since  been  installed  and  is  working  successfully, 
[t  comprises  the  following  : — 

Equipment  of  Paper-testing  Lahoratory . — Microscopes,  micro- 
photographic  outfit,  tearing  machines,  micrometers  for  measuring 
:he  thickness  of  papers,  stoves  for  ascertaining  the  moisture  in 
svood  pulp,  apparatus  for  ascertaining  the  resistance  to  folding 
md  crushing,  paper  balances,  ash  balances,  and  numerous  other 
ippliances. 

Papermaking  Plant. — Rotary  spherical  boiler,  breaker,  beater, 
stuff  chest,  sand  tables,  strainers,  Fourdrinier  machine  (to  make 
paper  24  inches  wide,  wet  end),  two  wet  presses,  two  batteries 
of  drying  cylinders,  smoothing  calender,  slitter  knives,  reeling 
apparatus,  rereeling  apparatus,  sheet  cutter,  ordinary  and  friction 
calender,  embossing  calender. 

Hand-made''''  Plant. — Yat,  couching  arrangement,  special 
drying  arrangement,  spindle  press,  plate-glazing  calender. 

As  far  as  I  can  gather  from  all  sources,  I  shall  be  right  in 
saying  that  the  above  equipment  is  quite  unique,  and  it  is  to  be 
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hoped  that  the  committee's  heavy  expenditure  will  receive  the 
support  that  it  deserves  from  the  paper  trade  in  all  parts  of  this 
country.  I  am  informed  that  Mr.  Julius  Hiibner,  F.O.S.,  is  the 
head  of  the  paper  department ;  he  instituted  the  technical  classes 
in  connection  with  papermaking  about  nine  years  ago.  I  feel 
it  only  right  to  say  that  the  trade  is  much  indebted  to  Mr.  Hiibner 
for  the  enterprise  and  public  spirit  he  has  displayed.  It  was,  I 
believe,  due  in  a  large  measure  to  his  support  that  the  Municipal 
School  of  Technology  decided  to  take  the  bold  step,  originally 
suggested  by  Mr.  Robert  Marx,  of  erecting  model  papermaking 
plant  for  educational  purposes. 


"  Education  Intkgrale." 

In  order  that  any  real  and  substantial  progress  can  be  made 
in  the  technical  education  of  papermaking,  it  is  necessary  that 
practice  and  science  should  go  hand  in  hand.  To  read  about  a 
process,  or  even  to  be  lectured  to  about  a  process  by  a  practical 
papermaker,  could  not  give  the  same  acquaintance  as  a  com- 
bination of  such  teaching  with  the  actual  working  of  the  process 
itself.  On  the  other  hand,  seeing  a  process  carried  out,  or  even 
conducting  a  process  for  one's  self,  on  a  commercial  scale,  docs 
not  necessarily  convey  anything  like  a  full  knowledge,  unless  the 
scientific  principles  are,  at  the  same  time,  fully  enunciated.  This 
is  powerfully  urged  by  Krokoptin,  who  condemns  the  arbitrary 
division  of  society  into  brain  workers  and  manual  workers,  and 
advocates  the  system  known  as  Educaiion  inUgrale,  in  which  both 
brain  work  and  hand  work  are  cultivated  side  by  side.  The 
importance  of  this  mode  of  procedure,  as  far  as  an  industry  will 
permit  it,  cannot  be  over-estimated.* 

It  should  be  borne  in  mind  that  since  the  introduction  of  the 
Fourdrinier  machine,  the  papermaker  is  no  longer  the  man  who 
makes  paper,  in  the  literal  sense  of  the  word,  but  rather  one 
who  understands  how  to  make  it.  The  "  hand  "  cannot  be  used 
in  conjunction  with  the  "head,"  to  the  extent  to  which  it  can 
be  in  many  other  industries ;  but  notwithstanding,  the  "  hand  " 
should  be  used  to  the  extent  of  being  able  to  operate  any 
machine  used  in  the  process  of  paper  manufacture,  in  addition 
to  assist  the  understanding  of  diagrams  and  plans  setting  forth 

*  "  Fields,  Factories,  ami  Workslicps,"  by  P.  Krokoptin.  SwaTi,  Souiien- 
scliciu  &  Co.,  Ltd. 
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the  full  details  of  the  machine,  and  education  should  extend  to 
a  full  knowledge  of  the  general  principles  of  its  working. 

It  is  to  be  hoped  that  the  enterprise  displayed  by  the  Muni- 
cipal School  of  Technology  at  Manchester  will  be  productive  of 
much  good  in  this  direction.  It  is  quite  feasible  that  a  great 
deal  of  useful  educational  work  could  be  done  with  a  small 
papermaking  machine.  It  is,  perhaps,  too  much  to  expect  that 
workmen  would  become  practical  machine-meu  by  merely  familiar- 
izing themselves  with  the  working  of  a  small  machine  ;  but  they 
could  certainly  rapidly  acquaint  tliemselves  with  the  general 
principles  of  the  machine  and  the  influence  of  the  different 
factors  which  control  the  properties  of  the  web  of  paper  far  more 
quickly  by  such  means  than  they  could  ever  hope  to  do  by 
acting  as  an  assistant  to  a  machine-man  on  a  big  machine.  With 
such  a  small  machine  the  thickness,  the  shake,  the  suction,  the 
drying,  and  the  pressure  of  the  rolls,  the  temperature  of  the 
stuff,  and  all  such  details  could  be  controlled  and  rapidly  changed 
at  will,  and  the  influence  of  all  the  changes  could  be  studied^  in 
their  effect  upon  the  finished  paper.  A  small  machine  might 
also  be  used  for  any  class  of  material.  An  immense  amount  of 
useful  information  should  be  imparted  by  such  means,  which 
might  prove  of  the  greatest  industrial  as  well  as  educational 
value. 

A  small  machine,  such  as  that  being  erected  at  the  Municipal 
School  of  Technology,  can  hardly  be  expected  to  do  the  work 
exactly  in  the  same  manner  as  a  large  machine  would.  I  contend 
that  this  is  not  necessary  for  educational  purposes.  We  all  know 
that  there  is  a  difference  between  a  chemical  reaction  on  a  few 
grains  in  the  laboratory,  and  the  same  reaction,  when  carried 
on  on  a  commercial  scale  ;  but  there  is,  nevertheless,  a  direct 
relationship  between  large  and  small  operations,  which  can  be 
absolutely  accounted  for.  It  is  conceivable,  therefore,  that  a 
relationship  can  easily  be  established  between  operations  of  a 
small  paper  machine  and  those  of  a  large  paper  machine,  so  that 
valuable  and  practical  deductions  can  be  arrived  at  even  in  the 
event  of  the  small  machine  affecting  the  stuff  somewhat  differ- 
ently. The  Municipal  School  of  Technology,  Manchester,  and 
also  the  engineers,  Messrs.  Hemmer  Brothers, "are  to  be  congratu- 
lated on  this  very  boM  experiment,  the  results  of  which  will 
undoubtedly  be  looked  forward  to  with  great  interest  by  members 
of  the  paper  trade.  Should  it  succeed,  I  think  we  should  be 
compelled^  to  modify  our  views  as  to  the  possible  scope  of 
technical  instruction  from  a  papermaker's  standpoint. 
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lb  is  eucoufaging'  to  know  that  the  technological  exami- 
nations are  becoming  more  and  more  practical  every  year  ;  this 
must  help  to  make  the  teaching  more  practical  also.  The 
responsibility  of  the  examiners  is  very  great,  because  the  cha- 
racter of  the  questions  which  are  set  will,  in  a  large  measure, 
influence  the  character  of  the  teaching,  as  a  large  bulk  of  those 
who  go  in  for  technical  education  do  so  with  the  object  of 
passing  the  City  and  Guilds'  examination.  It  is  very  gratifying 
to  see  so  many  more  students  entering  for  the  examination,  but 
it  is  to  be  hoped  a  far  larger  number  will  enter  in  the  near 
future. 

The  student  has,  perhaps,  at  present,  four  courses  open  to 
him,  whereby  he  may  acquire  a  knowledge  of  papermaking. 
1st.   By  his  actual  work  in  the  paper  mill. 
2nd.  By  reading  text-books. 
3rd.  By  his  attending  classes. 
4:th.  By  correspondence  teaching. 

The  limitations  to  the  first  of  these  have  already  been 
discussed. 


Technical  Articles,  Lectures,  and  Examinations. 

Text-book  knowledge  is  valuable  in  its  way,  it  is  extremely 
useful  in  conjunction  with  practical  work ;  but  something  more 
is  wanting  than  text-book  knowledge  to  supplement  the  ordinary 
practice  in  the  mill.  To  supplement  text-book  literature,  I 
would  suggest  that  much  good  might  be  done  by  the  publication 
from  time  to  time  of  technical  articles,  dealing  rather  with 
general  principles  than  with  bare  statements  or  descriptions  of 
the  processes ;  but  whatever  direction  these  articles  take,  it  is 
important  that  we  should  keep  them  up  to  date.  It  is  important 
that  the  mill-worker  should  have  the  opportunity  of  close  contact 
with  those  who  are  endeavouring  to  teach  him,  hence  the  neces- 
sity for  lectures  in  all  the  most  important  centres. 

Technical  education  will  be  of  little  or  no  service  unless  it 
keeps  abreast  of  the  times.  It  is  no  good  teaching  what  has  been, 
but  what  is  and  is  to  be.  It  will  be  no  good  employing  academic 
teachers.  Practical  men  of  good  standing,  alive  to  all  recent 
improvements,  and  in  close  touch  with  the  industry  which  they 
profess  to  teach,  will  be  required — men  who  can  acquire  and 
assimilate  all  the  most  recent  improvements,  and  not  men  who 
teacli  the  same  thing  year  after  year  with  little  regard  to  changes 
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that  are  taking  place.  What  benefits  shall  we  derive  from  men 
who  go  about  the  country  lecturing  on  technical  subjects,  the 
whole  of  their  knowledge  of  which  is  derived  from  text-bOoks  ? 
In  order  to  impart  technical  skill  and  knowledge,  a  man  must 
be  what  he  wishes  his  pupils  to  become.  An  intelligent  pupil,  if 
he  desires  to,  can  assimilate  knowledge  from  a  text-book  without 
the  aid  of  a  public  exponent.  Instructors  are  wanted  for  the 
purpose  of  imparting  that  intimate  knowledge  that  cannot  be 
derived  from  text-books. 

Fifteen  years  ago,  on  good  authority,  we  are  informed  that 
the  attitude  of  the  workman  towards  education  was  positively 
hostile.  Five  years  ago  we  were  told  that  this  feeling  had  almost 
disappeared.  To-day  we  find  the  National  Union  of  Paper-mill 
Workers,  or  the  Amalgamated  Society  of  Papermakers,  meet- 
ing and  discussing  the  subject  of  technical  education,  and  even 
urging  the  necessity  for  it  as  a  means  of  fighting  foreign  com- 
petition. The  men  themselves  have  not  only  lived  down  their 
prejudices,  but  are  now  crying  out  for  technical  instruction. 

At  a  meeting  of  the  Trades  Union  held  in  1894,  a  fear  was 
expressed  that  the  technical  education  would  tend  to  overstock 
the  trade  with  working  men,  and  consequently  bring  down  the 
wages  and  increasing  the  unemployed.  It  has  been  considered 
necessary  by  many  to  stipulate  that  only  those  engaged  in  the 
trade  should  receive  instruction.  I  am  very  much  in  sympathy 
with  those  who  consider  it  unfair  on  bond  fide  paper-mill  workers 
to  give  instruction  to  outsiders,  and  that  the  instruction  should 
be  limited  only  to  lona  fide  paper-mill  workers.  This  view  has 
been  expressed  by  members  of  different  trades,  and  not  without 
good  reasons.  If  the  examinations  could  be  made  an  absolute 
test  of  practical  experience  and  knowledge  it  might  not  be  neces- 
sary, or,  perhaps,  desirable  to  make  this  stipulation.  It  has, 
however,  under  existing  circumstances  not  proved  possible  to 
make  the  examinations  a  real  practical  test.  As  the  result  of 
the  examinations,  Mr.  Slingo  *  informs  us  that  "  one  city  clerk 
was,  in  his  year,  the  prize  carpenter  of  the  United  Kingdom ; 
another  took  the  prize  in  the  electric  lighting  ;  another  the  prize 
in  the  electrical  instrument  making  ;  another  in  tools ;  and 
another,  who  had  never  been  out  of  London  for  more  than  a 
week  or  two  at  a  time,  obtained  a  certificate  qualifying  him  as 
a  teacher  for  agriculture."    Under  such  circumstances,  and  until 

*  "  The  True  Basis  of  Teclmical  Education,"  by  William  Sliugo,  before  the 
luternatioual  Congress. 
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examinations  can  be  made  an  absolute  measure  of  practical 
knowledge  and  experience,  it  would  be  only  fair  to  prohibit  all 
outsiders  from  competing.  It  is  very  encouraging,  therefore,  to 
know  that  the  technological  examinations  are  becoming  more 
practical  year  by  year,  but  it  is  impossible  to  urge  upon  the 
examiners  too  strongly  the  necessity  of  making  them  more  so, 
and  to  be  satisfied  with  nothing  less  than  an  examination  which 
shall  be  an  absolute  measure  of  practical  experience. 


COERESPONDENCE  TuiTION. 

It  has  been  urged  that  correspondence  tuition  tends  to 
discourage  class  teaching,  which  is  considered  far  more  valuable, 
and  therefore  correspondence  teaching  should  not  be  resorted 
to.  I  have  conducted  a  correspondence  class  in  the  paper  trade, 
and  have  found  that  the  greatest  number  of  students,  in  any 
one  locality,  who  have  availed  themselves  of  the  correspondence 
tuition,  have  at  the  same  time  been  attending  lectures  and  classes 
conducted  privately  by  their  employers.  It  does  not  appear 
that  correspondence  tuition  will  in  any  way  interfere  with  the 
lecture  attendance,  but  it  would  appear  rather  that  one  will  assist 
the  other.  There  are  many  things  to  be  said  in  favour  of  corre- 
spondence tuition ;  for  instance,  there  are  many  difficulties  to 
be  contended  with  in  classes,  which  do  not  occur  in  a  correspond- 
ence tuition.  The  classes  are  few  and  far  between  and  not 
accessible  to  many,  whereas  correspondence  teaching  is  equally 
accessible  to  students  in  all  parts  of  the  country.  Correspondence 
tuition  is  perhaps  a  misnomer  ;  my  ambition  has  rather  been  to 
help  and  guide  mill-workers  by  means  of  test  questions.  I  have 
endeavoured  to  set  them  leading  questions  of  a  practical  nature, 
and  on  receipt  of  their  answers  have  published,  through  the 
medium  of  Paper  and  Pulp,  my  remarks  on  each  answer. 
Each  worker  has  the  advantage  of  reading  my  remarks  on  all 
the  answers.  In  many  cases  I  have  quoted  from  the  answer,  and 
in  some  cases,  where  the  answers  are  very  good,  have  published 
them  in  full  to  encourage  the  workers  as  much  as  I  can.  What- 
ever objections  may  be  raised  against  this  by  the  City  and  Guilds 
of  London  Institute,  the  result  is  certainly  very  encouraging.  All 
the  workers,  I  think,  without  exception,  have  improved  in  their 
answers ;  they  are  getting  to  know  how  to  tackle  questions  and 
how  to  express  themselves  better.  The  average  paper-mill 
worker,  however  thorough  his  practical  knowledge  may  be,  requires 
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practice  in  constructing  his  answer  before  he  enters  for  the  examina- 
tion. Apart  from  actual  aid  for  examination  purposes,  "test 
questions"  may  have  a  wider  and  more  important  scope — they 
stimulate  inquiry.  The  worker  has  the  questions  before  him, 
and  he  goes  about  his  everyday  work  in  the  mill  and  thinks 
them  over.  His  own  work  may  have  some  bearing  on  the  ques- 
tion set  him  ;  they  are  not  sprung  upon  him  all  of  a  sudden,  as 
at  an  examination.  He  has  plenty  of  time  to  think  them  over 
before  he  need  answer  them. 

I  do  not  wish  it  to  be  thought  that  correspondence  tuition 
should  take  the  place  of  classes  and  lectures.  I  think  that 
probably  the  first  aim  should  be  to  establish  classes  and  lectures 
in  important  centres  but  inasmuch  as  classes  and  lectures,  how- 
ever well  they  may  be  organised  and  attended,  can  only  benefit 
a  limited  number,  whereas  correspondence  tuition,  or  "  test  ques- 
tions," somewhat  on  the  limits  above  indicated,  can  be  made  to 
reach  everybody,  I  think  they  are  much  to  be  encouraged. 

The  Hertfordshire  County  Council  did  me  the  honour  of 
asking  me  to  lecture  before  the  Dickinson  Institute,  and  I  de- 
livered a  course  of  six  lectures  last  autumn.  I  was  much  struck 
with  the  enthusiasm  displayed  by  the  workpeople,  about  eighty 
of  whom  attended.  The  Hertfordshire  County  Council  have 
perhaps  shown  as  much  enterprise  as  any  centre  ;  they  have  again 
enlisted  the  services  of  Mr.  J.  T.  Ainslie  Walker  in  preparing 
students  attending  the  Dickinson  Institute  for  the  forthcoming 
examinations.  The  trade  in  general  in  and  around  London  are 
indebted  to  Mr.  John  Wilson,  F.C.S.,  for  having  started  a  class 
at  the  Battersea  Institute.  Last  session  Mr.  Wilson  delivered 
a  course  of  lectures  on  the  "  Chemistry  of  Papermaking,"  and 
this  year  he  has  secured  the  services  of  Mr.  E.  J.  H.  Stallybrass 
(Assistant  Examiner  of  Paper  in  H.M,  Stationery  Office).  The 
course  this  session  is  chiefly  devoted  to  paper  testing.  The  course 
has  started  well  with  thirty-five  entries,  the  practical  work  being 
the  great  inducement,  especially  as  the  course  is  quite  novel  in 
the  London  district.  Other  classes  and  courses  are  being  held, 
but  space  will  not  permit  me  to  go  further  into  these  details. 

Education.  Abkoad. 

I  am  indebted  to  Mr.  Robert  Marx  for  the  following  informa- 
tion in  regard  to  work  that  is  being  done  on  the  Continent : — 
As  far  as  the  technical  education  of  workmen  in  Germany  is 
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concorned,  it  may  be  stated  that  there  is  no  institute  for  paper- 
mill  workers.  There  are,  of  course,  places  where  mill  foremen 
can  obtain  the  requisite  knowledge,  and  others  for  fitters  ;  but, 
generally  speaking,  the  mill  hands  have  to  learn  everything 
connected  with  their  work  in  the  paper  mill  itself.  Furthermore, 
there  are  no  technical  schools  provided  for  papermakers. 

Some  time  ago  Professor  Kirchner,  of  Chemnitz,  gave  several 
lectures  to  students,  but  was  compelled  to  abandon  them  on 
account  of  insufficient  support.  There  is,  however,  a  school  for 
papermakers  in  Yienna,  attached  to  the  Royal  Technical  Museum, 
under  the  control  of  Mr.  H.  Schultze.  Some  of  the  universities 
and  technical  institutions  in  Germany  give  regular  courses  and 
lectures  on  papermaking,  but  all  these  are  chiefly  intended  for 
papermaking  engineers.  As  far  as  I  can  ascertain,  very  little  is 
being  done  in  the  United  States  to  further  technical  education 
for  papermakers. 


The  Value  of  Research. 

As  a  part  of  the  educational  scheme,  it  is  impossible  to  ovei'- 
rate  the  importance  of  chemical  research.  Research  work  maj 
be  divided  under  two  headings:  (1)  Industrial  Research  and 
(2)  Pure  Research.  The  very  basis  of  our  national  advance- 
ment and  prosperity  must,  of  necessity,  be  largely  dependent 
upon  the  careful  and  systematic  prosecution  of  chemical  research. 
There  are  a  lot  of  questions  pertaining  to  the  paper  trade,  many 
of  them  apparently  small  but  important  details,  only  awaiting 
exhaustive  and  systematic  study.  In  any  adequate  scheme  for 
technical  education,  those  who  pose  as  instructors  and  demon- 
strators should  have  an  intimate  knowledge  of  what  they  desire 
to  teach,  but  without  research  this  cannot  be  done.  I  venture 
to  think,  therefore,  that  any  institution  or  technical  school  that 
takes  in  hand  instruction  in  papermaking,  should  recognise 
the  necessity  of  students  applying  themselves  systematically  to 
technical  research. 

There  is  a  kind  of  research  which  is  outside  the  ken  of  the 
majority  of  workers,  but  which  is  nevertheless  of  great  import- 
ance if  we  are  to  safeguard  our  interests  in  the  future.  I  speak 
of  pure  research.  In  the  prosecution  of  pure  research  the 
chemist,  more  often  than  not,  has  no  immediate  industrial  object 
in  view  ;  but  if  we  read  the  history  of  modern  progress  cor- 
rectly, we  cannot  fail  to  recognise  that  many  of  the  most 
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important  economic  changes  have  been  the  direct  outcome  of 
pure  research.  And  so  it  must  be,  but  in  a  greater  degree,  in 
the  near  future.  Although  there  are  several  workers  on  the 
Continent,  Messrs.  Cross  and  Bevan  stand  practically  alone  in 
this  country  in  the  prosecution  of  pure  research  in  connection 
with  the  paper  industry. 

Our  war  of  the  future  must  of  necessity  be  an  industrial  war. 
There  will  be  little  good  in  waging  this  singly  and  individually  ; 
it  calls  for  the  most  perfect  and  efficient  equipment,  and  for 
united  action.  The  trade  as  a  whole  should,  I  venture  to  think, 
recognise  the  necessity  of  furthering  to  the  utmost  technical 
education,  and  seriously  consider  the  best  means  of  effecting  the 
desired  end. 

To  sum  up,  I  venture  to  say  that  what  is  needed  is  a  central 
Papermakers'  Institute  to  undertake  the  prosecution  of  industrini 
and  pure  research,  as  well  as  the  technical  education  of  all 
students.  It  will  be  necessary,  of  course,  to  have  the  use  of  a 
thorough  equipment,  such  as  the  Municipal  School  of  Tech- 
nology are  now  installing.  This  institute  should  organise  classes, 
lectures  wherever  possible,  and  a  course  of  correspondence  tuition. 
The  intelligence  department  should  jealously  watch  publications 
of  all  sorts  bearing  on  papermaking  in  all  parts  of  the  world, 
and  should  issue  publications  to  all  papermakers  who  support  the 
Institute.  They  should  make  it  their  chief  aim  to  render  men 
more  efficient  in  their  daily  duties,  and  to  qualify  them  for 
better  posts.  They  should  make  it  their  aim,  also,  to  qualify 
those  who  desire  it,  for  the  City  and  Guilds  of  London  Institute, 
and  to  urge  upon  the  institute  the  necessity  of  modelling  the 
examinations  so  as  to  make  them  in  every  way  a  thorough  test 
of  practical  knowledge  and  experience.  When  this  can  be  accom- 
plished, a  certificate  from  the  City  and  Guilds  of  London  Institute 
will  serve  to  qualify  a  man  for  a  better  position  ;  and  what  is  of 
more  importance,  perhaps,  papermakers  might  insist  upon  their 
workpeople,  at  any  rate  those  in  responsible  positions,  taking 
certificates. 

Our  paper  industry,  containing  as  it  does  many  practical, 
progressive  men,  alive  to  their  own  interests,  is  still  lacking  in 
the  department  of  technical  education,  and  lacking  possibly 
because  private  enterprise  alone  cannot  promote  it  sufficiently. 
State  aid  may  do  some  good,  but  the  initiative  must  come  from 
the  members  of  the  trade,  and,  whatever  shape  the  movement 
takes,  it  must  be  the  outcome  of  united  action  on  the  part  of 
those  who  are  to  reap  the  benefit  that  is  bound  to  accrue. 
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THE  USE  OF  SPECIALLY  PREPARED  SIZE  IN  DRY 
SHEETS  FOR  PAPER  SIZING. 

When  animal  size  first  came  into  vogue  papermakers  almost 
universally  manufactured  their  own  size,  and  have  continued  to 
do  so  up  to  the  last  few  years. 

Since  the  manufacture  of  gelatine  has  become  an  industry  in 
itself  many  improvements  have  been  effected. 

It  is  necessary  to  make  distinctions  between  what  is  known  as 
gelatine  and  glue.  The  former  is  made  from  pure  raw  materials, 
and  has  much  greater  gelatinising  power  than  the  latter. 

Gelatine  is  used  almost  universally  for  coating  and  sizing, 
whereas  glue  is  prepared  of  adhesive  material  and  its  colour  is 
immaterial.  Glue  has  very  little  gelatinising  quality.  The  name 
of  glue  is  often  applied  to  high-class'gelatines,  but  this  is  somewhat 
misleading.  The  higher  class  are  generally  distinguished  by  their 
high  gelatinising  power,  and  their  good  colour  and  freedom  from 
ash.  These  high  qualities,  however,  are  not  all  that  the  paper- 
maker  requires.  It  is  extremely  important  that  the  colour  should 
be  good,  for  the  simple  reason  that  if  the  material  is  at  all 
coloured  it  will  lower  the  tone  of  all  high-class  papers. 

With  browns,  and  all  papers  where  colour  is  immaterial,  the 
gelatine  need  not  be  of  very  high  colour,  but  it  is  essential  that  it 
should  possess  certain  other  quafifications  to  make  it  of  universal 
advantage  for  the  purpose  of  paper  sizing. 

It  is  important,  for  instance,  that  there  should  be  a  right 
degree  of  penetration  and  surface.  Size  that  only  remains  on  the 
surface  is  of  little  or  no  value  for  rendering  the  paper  impervious 
to  ink.  It  is  necessary  that  it  should  penetrate  sufficiently  to 
make  the  paper  bear  ink.  When  manufacturing  size  in  paper 
mills  it  is  by  no  means  an  easy  thing  to  produce  a  uniform 
product,  as  the  size  is  not  manufactured  on  a  sufficient  scale  to 
render  it  easy  to  do  so. 
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The  raw  materials  used  for  size  manufacture,  such  as  wet  hide 
pieces  or  fleshings,  vary  considerably  in  the  yield  which  they  give, 
as  well  as  the  degree  to  which  they  have  been  treated  for  the 
removal  of  the  lime,  &c. 

When  the  manufacture  is  conducted  on  a  very  large  scale,  as 
it  is  in  some  of  our  large-sized  factories,  much  larger  stock  can  be 
kept,  and  the  composition  kept  uniform  by  means  of  taking 
material  of  average  quality.  But  apart  from  this  question,  and 
one  which  is  of  greater  importance,  is  the  fact  that  size  suitable 
for  the  purpose  of  paper  sizing  cannot  be  produced  from  any  one 
raw  material  alone.  In  order  to  obtain  the  necessary  degree  of 
penetration,  and  that  the  material  should  give  the  requisite 
surface  consistent  with  the  proper  ink-bearing  power,  it  is 
necessary  to  blend  several  raw  materials,  so  as  to  give  these 
diflferent  qualities  of  a  sufficient  degree  to  make  the  size  useful 
for  paper  sizing. 

With  any  one  raw  material  the  different  draughts  vary  in 
their  composition.  Thus  the  first  draughts  from  wet  hide  pieces 
are  of  a  very  much  better  colour  and  of  a  greater  gelatinising 
power  than  the  last  draughts. 

The  only  way  at  present  of  gauging  the  strength  of  solution  in 
the  paper  mill  is  by  means  of  the  aerometer,  a  species  of  hydrometer 
especially  designed  to  show  the  percentage  strength  of  size  without 
any  calculation. 

It  is  graduated  on  the  stem  in  percentage  of  dry  gelatine  in 
solution.  If  the  solution  stands  at  75°  C,  or  167°  Fahr.,  no 
correction  is  necessary,  but  in  case  the  temperature  should  be 
slightly  above  or  below  this,  a  thermometer  is  used  in  the  lower 
part  whose  bulb  forms  the  base  of  the  instrument.  The  ther- 
mometer is  graduated  in  such  a  way  that  the  graduations  are 
made  to  compensate  for  the  variations  of  temperature.  If  the 
temperature  is  too  high  the  reading  on  the  thermometer  must 
be  added  to  the  reading  on  the  stem,  and  if  too  low  it  must 
be  deducted. 

The  specific  gravity  of  a  solution  of  gelatine  increases  with  the 
percentage  present.  The  increase  is  found  to  be  about  ^°  Twad. 
for  each  per  cent,  of  gelatine.  The  co-efficient  of  expansion  of 
gelatine  solution,  unless  the  same  be  very  strong,  is  nearly  that 
of  water. 

When  first  draughts  are  taken  from  wet  hide  pieces  and  well 
filtered,  the  percentage  of  gelatine  present  agrees  very  closely 
with  the  readings  of  the  instrument — 
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Analysis. 
5 "06  per  cent. 
4-05  „ 
3-24  „ 
2-59  „ 
2-07  „ 


IIydhometeb  Reading. 
5' 15  per  cent. 
4-04  „ 
3-15  „ 
2-75  „ 
2-02  „ 


Wlien  all  draughts  are  mixed  from  wet  hide  pieces  and  after 
filtration  : — 


Analysis. 

6*29  per  cent. 
6-26  „ 
G-00  „ 
()-06 

Hydrometer 
Heading. 

1.  — 6*0  per  cent. 

2.  -8-5  „ 

3.  — 7-2  „ 


Hydrometer 
Reading. 
7 "05  per  cent. 
7-05  „ 
6-!)5  „ 
fi-95  „ 

Gelatine 
Actually  present. 
5*5 9  per  cent. 
6-5(5  „ 
5-8G  „ 


Per  cent,  too 

HIGH. 

19*G  per  cent. 
19-6  „ 
15-2  „ 
15-2  „ 

Difference. 

7*0  per  cent. 
22-0  „ 
18-U  „ 


The  difference  shows  the  error  of  hydrometer  in  percentage 
when  gelatine  equals  100  in  each  case. 

1  =  A  second  and  third  draught  mixed  from  wet  hide  pieces. 

2  =  The  same  after  the  addition  of  the  necessary  soap  and 

alum. 

3  =  The  same  as  No.  2,  but  containining  somewhat  less 

alum. 

It  will  be  seen  from  the  foregoing  that  the  hydrometer  reads 
considerably  higher  than  it  should  do  in  the  later  draughts, 
and  that  even  when  all  draughts  are  mixed  from  hide  pieces  about 
one-fourth  must  be  deducted  from  the  reading  to  arrive  at 
the  true  percentage.  The  deduction  of  alum  and  soap  also 
increases  the  gravity  considerably.  In  the  ordinary  method 
of  adding  alum  and  soap  about  2  per  cent,  must  be  deducted. 
Thus,  if  the  instrument  recorded  8  per  cent.,  the  amount  of 
gelatine  present  would  be  about  6  per  cent. 

It  is  necessary  to  determine  exactly  what  influence  the  addition 
of  sulphate  of  alumina,  or  alum,  has  upon  the  specific  gravity 
of  size  solutions.  With  that  view  the  following  experiments 
Avere  performed  : — 

Trials  made  to  see  how  much  alum  is  required  to  thicken 
irelatine  solutions. 
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The  ielly  taken  was  found  on  analysis  to  contain  4-97  per 
cent,  gelatine  i  1(5  ozs.  of  the  above,  in  20  ozs.  of  water,  required 
900  grains  of  a  solution  of  20°  Twad.  sulphate  of  alumina. 

Therefore,  one  ton  of  size  at  the  above  strength  would  require 
(;i  gallons  of  sulphate  of  alumina  solution  at  20°  Twad.,  or  13 
lbs.  of  commercial  sulphate  of  alumina. 

Ten  gallons  of  the  size  would  require  0-57  lb.  ot  sulpbate 
of  alumina.  It  is  important  to  note  that  50  per  cent,  more 
sulphate  of  alumina  can  be  added  without  reducing  the  thickness 
of  the  size,  and  four  times  the  original  quantity  can  be  added 
before  the  size  is  reduced  to  its  original  consistency. 

The  size  used  for  the  experiment  was  a  first  draught  trom 
wet  hide  pieces.  It  showed  a  reading  of  5  per  cent,  before  the 
addition  of  the  sulphate  of  alumina,  which  is  identical  with 
the  analysis.  After  the  addition  of  the  sulphate  of  alumina  the 
hydrometer  read  6-4  per  cent.  The  addition  of  the  sulphate 
of  alumina,  therefore,  raised  the  specific  gravity  enough  to  cause 
the  instrument  to  read  1-4  per  cent,  higher,  equal  to  an  error  ot 
28  per  cent,  on  the  gelatine  present.  _  j.  -n 

We  are  right,  however,  in  concluding  that  increase  of  specific 
gravity  per  unit  of  strength  denotes,  I  think,  without  exception, 
the  presence  of  some  impurity,  in  which  case  we  should  expect  to 
find  a  high  ash ;  also  that  a  low  specific  gravity  per  unit  ot 
gelatine  points  in  the  direction  of  a  high-class  gelatine  and 
freedom  from  impurities.  A  gelatine  of  highly  gelatmismg  power 
appears  always  to  exhibit  a  low  specific  gravity  in  solution,  and 
with  glues  of  low  gelatinising  power  the  opposite  is  the  case. 
Also,  the  first  draughts  from  any  raw  material,  so  far  as  my 
experiences  have  gone,  are  of  a  lower  specific  gravity,  ot  higher 
o-elatinising  power,  and  almost  invariably  contain  a  lower_  per- 
centage of  ash  than  the  later  ones.  For  size  from  any  particular 
raw  r^aterial  the  difference  between  the  percentage  of  gelatine  by 
specific  gravity  and  the  actual  percentage  by  analysis  may  be 
taken  as  a  measure  of  impurity  and  quality  m  making  a  codq- 
parison  of  the  value  of  the  ditterent  draughts,  but  it  can  hardly 
be  considered  comparative  when  the  size  solutions  under  observa- 
tion are  obtained  from  any  different  raw  materials. 

All  this  trouble  in  regard  to  taking  the  strength  of  the 
solution  can  be  avoided  when  air-dried  size  is  used,  because  a 
given  quantity  of  air-dried  size  can  be  weighed  out,  and  alter 
immersion  in  cold  water  for  twelve  hours  to  soften,  the  sheets  can 
be  dissolved  to  any  required  strength  by  the  addition  of  hot  water 
The  necessary  amount  of  alum  and  soap  can  then  be  added,  ana 
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there  is  no  difficulty  in  arriving  at  the  percentage  strength  of  size 
under  these  circumstances. 

After  long  experience,  some  manufacturers  of  gelatine  who 
have  made  a  speciality  of  this  product  for  the  purpose  of  paper 
manufacture  have  been  able  to  arrive  at  a  product  giving  the 
necessary  amount  of  penetration  and  surface,  by  making  it  on 
a  large  scale  and  blending  the  necessary  ingredients.  It  is  by  no 
means  an  easy  matter,  on  a  small  scale,  to  ensure  the  complete 
removal  of  lime,  grease,  and  blood  in  the  raw  materials  used.  If 
either  of  these  substances  remain  in  the  raw  material  they  become 
a  part  of  the  size,  and  very  much  impair  its  qualities. 

It  has  been  claimed  that  size  is  never  so  good  when  first 
prepared.  Its  qualities  improve  when  the  water  is  removed.  Air- 
dried  size_  when  dissolved  again  has  much  better  sizing  qualities 
than  the  jelly  from  which  the  air-dried  size  has  been  originally 
prepared.  This  gives  a  decided  advantage  for  air-dried  size  over 
any  class  of  size  prepared  and  manufactured  by  the  papermakers. 

It  is  generally  admitted  that  the  jelly  kept  for  any  length  of 
time  loses  some  of  its  strength,  but  I  have  no  definite  data  to  go 
upon  in  support  of  this  contention. 

It  is  often  found  necessary  to  stock  a  quantity  of  the  jelly,  and 
at  times  it  is  necessary  to  keep  it  in  stock  for  some  months.  In 
warm  weather  this  jelly  is  very  liable  to  putrefaction,  unless  some 
preservative  is  added.  Dried  sheets  of  size  can,  however,  be  kept 
for  any  length  of  time  if  stored  away  in  a  dry  room,  and  these 
sheets  are  not  liable  to  undergo  putrefaction. 

On  account  of  the  imperfection  in  the  methods  of  drying 
tub-sized  papers  it  is  important  that  the  size  solution  should  set 
to  a  jelly  at  a  fairly  high  temperature.  The  temperature  of  the 
drymg-room  should  be  kept  down  to  the  point  at  which  the  size 
solidifies.  The  secret  of  the  successful  drying  of  tub-sized  papers 
is  to  arrange  the  drying  so  as  to  keep  the  whole  of  the  jelly  in  a 
solid  mass.  If  it  remains  in  the  interstices  of  the  paper  in  the 
form  of  liquid,  as  the  moisture  dries  out  of  it  this  liquid  will 
quickly  form  a  coating  round  the  individual  fibres  instead  of  filling 
up  the  air  spaces.  If  it  were  possible,  the  whole  of  the  drying- 
should  be  conducted  at  a  temperature  only  a  few  degrees  above 
the  freezing  point  of  water.  The  drying  should  be  done  by 
means  of  cold  dry  air  instead  of  hot  dry  air.  The  longer  the 
drier  the  more  likelihood  there  is  of  this  being  accomplished,  with 
a  short  drier  this  is  absolutely  impossible.  This  is  the  ideal  to  be 
aimed  at,  but  unfortunately  it  is  a  long  way  short  of  practical 
attainment. 
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Size  for  papermakers  must,  therefore,  to  be  of  any  service,  be  of 
fairly  high  gelatinising  power.  It  is  quite  impossible  to  fuliil  all 
these  conditions  in  even  the  best  appointed  mill,  even  if  paper- 
makers  had  the  latest  and  most  perfect  plant  at  their  disposal, 
they  still  would  have  a  difficulty  in  making  the  size  which  would 
fultil  all  the  necessary  conditions,  and  it  stands  to  reason  that 
they  cannot  make  one  of  uniform  composition  on  account  of 
the  irregularity  in  the  quality  of  the  raw  materials  which  they 
buy  from  time  to  time.  There  is  a  variation  from  time  to  tipae 
in  the  quality  of  size  made  in  even  the  best  appointed  mill,  which 
renders  it  almost  impossible  to  papermakers  to  make  their  own 
size,  and  to  ensure  absolute  regularity  in  the  sizing  qualities  of 
their  paper. 

It  must  not  be  assumed  that  because  the  paper  contains,  say, 
for  example,  6  per  cent,  of  size,  that  it  is  necessarily  hard-sized 
and  impervious  to  ink.  I  have  myself  tested  a  paper  and  found 
as  much  as  9  per  cent,  of  size,  when  the  paper  had  been  rejected 
as  soft-sized  and  not  bearing  the  ink  test.  This  was  due  to  the 
quality  of  the  size  used  and  the  way  it  had  been  applied  to 
the  paper. 

If  the  quality  of  the  size  can  be  kept  uniform,  as  it  can  by  the 
use  of  air-dried  size  of  a  hiown  standard,  these  difficulties  should 
not  occur. 

The  tendency  of  the  present  age  is  to  specialise  and  to  give  up 
the  subsidiary  industries,  as  it  is  found  in  the  state  of  present 
competition  that  it  no  longer  pays  for  a  manufacturer  to  attempt 
to  make  everything  for  himself. 

Take  the  case  of  wood  pulp.  The  papermakers  of  this  country 
no  longer  make  their  own  wood  pulp,  but  are  supplied  from  those 
countries  where  the  wood  is  available  and  where  it  can  be  converted 
at  a  comparatively  low  cost.  They  take  the  pulp  already  prepared 
for  their  use. 

The  manufacture  of  soap,  which  at  one  time  was  an  ordinary 
household  operation,  is  now  manufactured  on  an  enormous  scale, 
and  specialised  in  different  grades  ;  and  even  the  manufacture  of 
rosin  size,  which  is  a  comparatively  simple  operation  as  compared 
with  that  of  size,  is  now  being  discontinued  by  many  paper- 
makers,  who  find  it  better  and  cheaper  to  let  those  who  have  made 
it  a  special  study  make  it  for  them. 

The  same  argument  might  apply  in  regard  to  the  manu- 
facture of  ultramarine,  pearl  hardening,  and  other  products  used 
in  the  manufacture  of  paper.  As  far  as  I  can  gather,  on  the 
Continent   practically  the  whole  of  the  manufacturers  have 
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discontinued  the  manufacture  of  size,  finding  it  better  and  safer 
to  purchase  air-dried  size  specially  prepared  for  their  purpose,  and 
I  do  not  think  the  time  is  far  distant  when  all  the  papermakers 
in  this  country  will  realise  that  it  will  no  lousier  pay  them  to 
produce  size  for  their  own  use,  and  that  the  manufacturers  who 
have  made  a  special  study  of  the  preparation  of  size  for  the 
use  of  papermakers  can  give  them  better  results  than  anything 
they  can  do  for  themselves. 

There  is  a  great  deal  of  difference  between  the  amount  of  size 
required  to  give  the  proper  ink-bearing  qualities.  One  size  will 
do  as  much  with  2  per  cent,  as  another  will  do  with  5  per  cent. 
All  these  points  have  to  be  carefully  weighed  and  taken  into 
consideration  when  arriving  at  the  value  of  any  size  for  the 
purpose  of  paper  sizing. 

In  order  to  study  the  effect  of  di£ferent  classes  of  animal  size 
upon  waterleaf  paper,  a  number  of  different  materials  were 
selected,  and  among  them  some  of  the  best  known  brands  of 
gelatine  in  the  market.  Solutions  were  made  from  each  ;  of  such 
strength  that  a  gallon  of  each  contained  an  equal  value  of  the 
gelatine.  Three  sheets  of  waterleaf  paper  were  separately  weighed 
and  dipped  into  each  of  the  solutions,  kept  at  the  proper  tempera- 
ture of  the  sizing  trough.  They  were  then  weighed  after  drying 
down.  The  difference  between  the  first  and  second  weighing's 
gives  the  amount  of  gelatine  solution  taken  up  by  the  paper.  The 
difference  between  the  weight  of  the  waterleaf  and  the  weight 
when  dried  down,  gives  the  dry  weight  of  gelatine  taken  up" by 
the  paper.  The  papers,  after  removal  from  the  hot  size,  are 
passed  through  a  pair  of  squeezing  rolls,  to  imitate,  as  near  as 
possible,  the  large  scale  of  working.  From  the  weight  after 
drying  down,  the  percentage  of  size  in  the  sized  paper  can  be 
calculated  in  each  case.  It  will  be  seen  from  the  tables  that  there 
is  a  wonderful  regularity  (with  a  few  exceptions)  in  the  amount  of 
gelatine  retained  in  each  series.  The  amount  of  gelatine  retained 
by  each  paper  after  sizing  is  dependent  upon  the  concentration  of 
the  sizing  solution.  One  thing  was  established  by  these  and 
other  similar  trials,  and  that  is,  that  the  finer  grade  gelatines  are 
cheaper  in  the  end.  The  sizing  effect  of  any  gelatine  is  chiefly 
dependent  upon  the  "  gelatinising  power  "  of  the  gelatine.  Sup- 
posing that  we  have  a  number  of  gelatines  and  prepare  a  5  per 
cent,  solution  of  each,  and  allow  them  all  to  set  to  a  jelly,  and 
leave  them  at  least  24  hours  after  setting  ;  the  gelatine  which 
yields  the  firmest  jelly  is  the  best  sizing  agent.  A  comparison 
of  these  jellies  is  really  a  comparison  of  the  gelatinising  powers 
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of  the  gelatines.  Supposing,  now,  that  we  adjust  the  strength  of 
the  solutions  in  such  a  way  that  the  jellies  from  each  have  the 
same  degree  of  firmnes?.  Each  of  these  jellies  will  have  the  same 
sizing  value,  or  approximately  so,  and  if  the  price  of  each  gelatine 
be  known,  it  is  easy  to  get  some  idea  of  their  relative  value 
for  papermaking — which  of  them  is  the  cheapest  for  sizing.  I 
have  taken  a  number  of  gelatines  in  this  way,  and,  generally 
speaking,  the  highest  grade  is  the  cheapest  in  the  end. 


Papers  sized  with  Different  Gelatines. 


No. 

Waterleaf. 

Sized. 

100  parts 
become 

Mean 
percentage 
of  size. 

A 

1 

1-442 

1-574 

10915 

2 

1-438 

1-568 

10904 

3 

1-426 

1-546 

108-40 

8-34 

B 

4 

1-433 

1-566 

109-30 

5 

1-469 

1-602 

109-06 

6 

1-450 

1-582 

10910 

8-39 

C 

7 

1-456 

1-586 

108-93 

8 

1-439 

1-569 

10905 

9 

1-410 

1  537 

109-00 

8-26 

D 

10 

1-428 

1-596 

111-71 

11 

1-424 

1-591 

111-73 

12 

1-428 

1-596 

111-76 

10-57 

E 

13 

1-440 

1-603 

111-32 

14 

1460 

1-643 

112-53 

15 

1-466 

1-636 

111-60 

10-28 

F 

16 

1-463 

1-608 

109-91 

17 

1-462 

1-607 

109-92 

18 

1-460 

1-599 

109-59 

8-93 

G 

19 

1-473 

1-643 

112-22 

20 

1-460 

1-626 

111-37 

21 

1-457 

1-623 

111-39 

10-22 

H 

22 

1-447 

1-575 

108-84 

23 

1-450 

1-577 

108-75 

24 

1-444 

1-563 

108-55 

8-01 

I 

25 

1-451 

1-537 

105-93 

26 

1-452 

1-540 

106-03 

27 

1-454 

1-543 

106-12 

5-68 

It  is  a  well-known  fact  that  it  is  easier  to  size  hand-made 
papers  hard,  than  machine-made  papers.  Perhaps  it  would  be 
truer  to  say  that  it  is  easier  to  size  hard  in  the  single  sheet  than 
in  the  web.  After  discovering  by  the  foregoing  trials  which 
gelatine  was  best  adapted  for  sizing,  I  endeavoured  to  detennine. 
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by  a  series  of  experiments,  in  which  I  used  diminishing  strengths 
of  gelatine  solutions,  what  limit  could  be  attained  with  single- 
sheet  sizing  without  destroying  the  sizing  efifect.  These  results 
are  given  in  the  following  table.  Down  to  Nos.  38  and  39 
the  hard  sizing  was  certainly  maintained.  In-  Nos.  40  and  41  it 
appeared  to  be  very  slightly  deficient,  and  in  No.  42,  although  in 
some  respects  it  might  be  considered  hard-sized,  it  was  decidedly 
lower  than  No.  41  : — 


ToB-SlZING  IN  THE  ShEET  WITH  DIMINISHING  QUANTITIES  OP  GELATINE. 


No. 

Weight  of 
waterleaf. 

Weight 
when  sized. 

100  of 
waterleaf 
become 

Per  cent, 
of  gelatine 
in  paper. 

Per  cent, 
of  gelatine 
in  sizing 
solution. 

K 

28 

1-488 

1-584 

106-46 

4-030 

29 

1-495 

1-598 

106-88 

6-25 

4-030 

L 

30 

1-500 

1-596 

106-40 

3-788 

31 

1-484 

1-584 

106-74 

617 

3-788 

M 

32 

1-462 

1-548 

105-81 

3-561 

33 

1-471 

1-585 

107-75 

5-49 

3  561 

N 

34 

1-462 

1-550 

106-10 

3-327 

35 

1-469 

1-552 

105-65 

5-54 

3-327 

0 

36 

1-458 

1-528 

104-80 

3-127 

37 

1-472 

1-555 

105-63 

5-32 

3127 

P 

38 

1-479 

1-553 

105-00 

2-940 

39 

1-462 

1-538 

105-20 

4-85 

2-940 

Q 

40 

1-487 

1-560 

10490 

2-764 

41 

1-485 

1-553 

104-60 

4-52 

2-764 

E 

42 

1-503 

1-566 

103-55 

3-43 

2-598 

After  severe  testing  I  came  to  the  conclusion  that  No.  89  was 
quite  equal  in  ink-bearing  power  to  No.  1.  From  this  I  conclude 
that  there  is  no  advantage  to  be  got  by  the  use  of  a  solution 
containing  more  than  5  per  cent,  of  gelatine  of  this  class. 

If  very  great  care  is  exercised  in  the  treatment,  I  believe  that 
a  lower  strength  still  would  suffice.  The  first  draughts  from  these 
gave  the  highest  results.  I  succeeded  in  producing  a  thoroughly 
hard-sized  paper  with  a  minimum  of  gelatine.  These  first  draughts 
gave  also  the  highest  gelatinising  power. 

To  justify  the  opinions  and  conclusions  expressed  in  this 
article,  certain  information  no  longer  available  in  consequence  of 
the  publications  in  which  this  information  was  first  made  public 
being  out  of  print,  has  been  drawn  upon.  For  instance,  the 
information  contained  in  an  article  on  "  The  Influence  of 
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Impurities  upon  the  Specific  Gravities  of  Gelatine  Solutions," 
from  the  Paper  Maker,  and  an  article  on  "Animal  Sizing," 
which  appeared  in  the  Paper  Maker  of  March,  1896.  The 
conclusions  I  feel  are  fully  justified,  namely,  that  papermakers 
can  no  longer  conduct  the  manufacture  of  size  in  competition 
with  those  who  make  it  their  special  business,  and  who  are  able  to 
conduct  it  on  a  large  scale  and  so  ensure  regularity  and  uniformity. 
It  is  evident  that  we  experience  the  great  difficulty  of  not  being 
able  to  gauge  correctly  the  strength  of  our  solution  by  means  of  a 
glass,  whereas  this  does  not  occur  with  solutions  prepared  for  air- 
dried  sheets.  And,  further,  I  would  repeat  the  papermaker  does 
not  buy  in  sufficient  quantity  and  a  sufficient  diversity  of  raw 
material  to  enable  him  to  endow  the  size  with  all  the  necessary 
qualities  to  meet  all  the  requirements  for  tub-sizing. 


III. 


THE  PAPERMAKINQ  EXAMINATION. 

1901. 

The  City  and  Guilds  of  London  Institute's  Examination  on 
"  Paper  Manufacture  "  took  place  on  May  1st,  and  the  following- 
are  the  instructions  to  candidates  and  the  questions  set : — 

Instructions. 

The  candidate  must  confine  himself  to  one  grade  only,  the 
ordinary  or  honours,  and  must  state  at  the  top  of  his  paper  of 
answers  which  grade  he  has  selected.  He  must  not  answer  ques- 
tions in  more  than  one  grade. 

If  he  has  already  passed  in  this  subject,  in  the  first  class  of 
the  ordinary  grade,  he  must  select  his  questions  from  those  of  the 
honours  grade. 

The  number  of  the  question  must  be  placed  before  the  answer 
in  the  worked  paper. 

Three  hours  alloived  for  this  paper. 

The  maximum  number  of  marks  obtainable  is  affixed  to  each 
question. 

JSf.B— Candidates  are  cautioned  to  avoid  giving  in  their  ansivers 
to  the  folloiving  questions  any  particulars  of  processes  used  in  the 
works  in  which  they  are  employed  which  are  not  matters  of  public 
hnoivledge. 

Ordinary  Grade. 

Not  more  than  nine  questions  to  be  attempted. 

1.  How  do  you  measure  the  thickness  of  a  paper  ?  Estimate 
the  thickness  of  a  book  of  240  pages  made  of  a  paper  of  thickness 
0-0.54  millimetre.  Express  the  result  in  terms  of  the  inch. 
{20  marks.) 

2.  What  instructions  would  you  give  to  the  beaterman  for  the 
preparation  of  a  superfine  blue  writing  paper  ?  How  would  you 
manipulate  the  various  parts  of  the  machine  to  impart  the  desired 
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cbaracberistics  to  sucli  a  paper  ?  State  also  what  steps  you_  would 
take  to  prevent  the  colour  from  fading  when  in  contact  witli  the 
animal  size,  (jo.) 

3.  How  are  the  following  fibres  detected  in  a  paper  :  Jute, 
esparto  (cellulose),  mechanical  wood  ?  How  would  you  estimate 
the  quantity  of  each  when  in  admixture  with  rag  fibre  only  ? 

4.  What  are  the  advantages,  if  any,  possessed  by  plate-glazed 
papers  as  compared  with  those  finished  on  the  supercalender  ? 
What  precautions  would  you  take  to  prevent  variations  in  colour 
when  friction-glazing  soft-sized  pink  printing  paper  ?  {20.) 

5.  A  dehvery  of  pulp  of  1,769  bales,  unbleached  sulphite,  with 
12  per  cent,  moisture  (allowed)  is  to  be  sampled  and  the  moisture 
determined.  Give  exact  particulars  of  the  test  and  the  form  in 
which  the  result  is  expressed.  (20.) 

6.  Suppose  a  machine  so  fitted  that  the  wire  frame  can  be 
raised  or  lowered  from  the  breast  roll  as  desired,  what  variations 
from  the  level  would  you  make  when  running  the  following 
grades :  (1)  Strong  rag  cartridges,  (2)  news,  (3)  fine  printings, 
(4)  blottings,  (5)  thin  sulphite  caps  ?  State  your  reasons  in  each 
case.  (25.) 

7.  State  exactly  how  you  would  treat  for  conversion  into  half- 
stufif,  new  cotton  pieces,  new  linens  (grey),  Manilla  ropes,  and 
broke  from  tub-sized  writings,  (jo.) 

8.  What  materials  would  you  use  for  the  production  of 
(1)  news,  (2)  fine  writings,  (3)  E.  S.  printings,  (4)  blottings  ? 
State  the  proportions  of  each  material  you  would  consider  neces- 
sary to  give  good  results.  (25.) 

9.  Define  specific  gravity.  What  is  the  weight  of  7  gallons 
of  a  solution  of  11°  Tw.  ?  Taking  specific  gravity  of  cellulose 
equal  1'.50  and  of  china  clay  equal  2' 75,  what  is  the  exact  effect 
of  20  per  cent,  loading  on  the  specific  weight  of  a  paper  ?  {20.) 

10.  State  the  type  of  beating  engine  you  would  adopt  for  the 
preparation  of  stock  for  (1)  strong  book  papers,  (2)  esparto 
printings,  (3)  blottings,  (4)  sulphite  casings.  Give  also  the 
horse-power  required  for  a  four-hundredweight  beater  in  each 
case,  and  the  amount  of  coal  necessary  to  make  and  dry  one  ton 
of  each  grade  on  the  machine,  (jo.) 

11.  What  are  the  waste  products  from  a  rag  mill  (fine 
writings)  ;  an  esparto  mill  (fine  printings)  ;  a  soda  wood  (half- 
stuff),  and  sulphate  wood  (half-stuff)  ?  Which  of  these  are 
treated  for  recovery  of  useful  products,  and  what  are  final  wastes  ? 

D 
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12.  Describe  the  method  of  imparting  a  "  water  finish,"  ar.d 
discuss  the  merits  of  water-finished  as  compared  with  super- 
calendered  paper.  (20.) 

13.  "What  systems  are  used  in  practice  for  dealing  with  the 
fibres  which  find  their  way  into  the  various  waste  waters  of  the 
mill.  (25-.) 

Honours  Grade. 

Not  more  than  7iine  questions  to  be  attempted. 

1.  Examine  very  carefully  and  in  all  respects  the  position  of 
esparto  as  against  wood  celluloses.  Forecast  their  future  relative 
positions  in  this  country,  and  give  your  opinion  as  to  how  far  this 
depends  upon  price,  and  how  far  on  intrinsic  papermaking  quality. 
(jo  marks.) 

2.  How  would  you  equip  a  mill  to  turn  out  100  tons  of  news 
and  50  tons  of  E.  S.  writings  per  week  ?  Give  your  reasons  for 
the  adoption  of  any  special  appliances,  (jo.) 

3.  State  what  you  know  of  the  systems  for  wood  pulp  manu- 
facture known  as  the  "  Drewsen  Drccnfeldt "  processes,  and 
discuss  the  advantages  claimed.  (20.) 

4.  How  many  tons  of  coal  would  you  expect  to  use  per  week 
in  the  mill  referred  to  in  question  2  ?  State  the  proportion  you 
would  use  in  each  department,  assuming  that  the  motive  power  is 
steam  throughout.  (25.) 

5.  You  are  given  an  unknown  fibrous  material,  and  are 
required  to  determine  its  suitability  as  a  raw  material  for  paper- 
making  :  state  exactly  how  you  would  do  this,  and  on  what  main 
points  you  would  base  your  (stimate  of  value.  (2^.) 

G.  In  what  departments,  if  any,  of  the  mill  do  you  consider 
that  the  electric  motor  can  be  successfully  substituted  for  the 
steam  engine  ?    State  your  reasons  fully.  (25-.) 

7.  What  do  you  consider  the  special  requirements  of  papers 
for  (1)  parchmentising,  (2)  converting  into  nitrocellulose,  (3) 
quantitative  chemical  work  (filter  papers),  (4)  for  making  paper 
bowls,  (5)  for  litho  and  general  fine  printing,  (C)  for  cartridges, 
(7)  for  water-colour  drawings,  (8)  for  cable  insulation  ?  In  each 
case  state  the  composition  of  half  stuff  you  would  take  in  making 
the  paper.  (25.) 

8.  Given  10  tons  of  Spanish  esparto  of  an  average  quality, 
how  would  you  proceed  to  make  an  "  art "  paper  such  as  is  used 
for  high-class  magazine  work  ?  State  fully  the  practical  details 
to  be  observed  in  each  of  the  various  processes  from  the  duster  to 
the  finishing  house,  giving  a  tabulated  statement  of  the  duration 
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of  each  process,  and  the  percentage  of  the  various  chemicals, 
including  loading  and  sizing,  also  the  amount  of  finished  paper 
you  would  expect  to  produce,  (jo.) 

9.  Examine  thoroughly  the  question  of  engine-sizing  with 
rosin  and  alum.  Give  your  view  of  the  mode  of  action  of  the 
size,  both  in  the  engine  and  in  the  paper.  Give  practical  re- 
commendations for  preparing  and  using  the  rosin  size.  (25.) 

10.  State  your  opinion  of  the  merits  of  Annandale's  improve- 
ment in  the  machine  for  the  imparting  of  "  hand-made  "  charac- 
teristics to  the  web  in  process  of  formation  on  the  wire.  Discuss 
the  difficulties  in  the  way  of  its  successful  adoption,  and  state  in 
which  class  of  paper  you  consider  it  will  give  the  best  results,  (ij.) 

11.  Let  A  =  the  area  of  a  sheet  of  pure  cellulose  paper  in 

square  centimetres. 
T  =  thickness  of  a  sheet  in  terms  of  centimetres. 
S  =  specific  gravity  of  cellulose. 
W  =  the  weight  of  the  sheet  in  grammes. 

What  do  you  take  to  be  the  meaning  of  the  expressions  and 

A.T. 

AT  1 

aV  ~  S  would  you  bring  the  quantities  so  represented 

into  practical  use  in  the  mill.  (25.) 

12.  What  instructions  would  you  give  to  the  breaker-man  in 
regard  to  the  washing,  breaking  in,  and  bleaching  of  (1)  Manilla 
ropes  for  strong  cartridge  paper,  (2)  soft  cottons  for  superfine 
printings,  (3)  linen  thread  for  bond  papers  ?  Give  the  percentage 
of  bleaching  powder  you  would  expect  to  use  in  such  case.  (25.) 

13.  Give  a  method  for  rapidly  analysing  the  machine  back- 
water with  regard  to  suspended  fibrous  matter  and  sulphate  of 
alumina  (in  solution).  Describe  any  modern  appliances  you 
know  for  separating  suspended  fibres  from  waste  waters.  (2/.) 


IV. 


CITY  AND  GUILDS  OF  LONDON  INSTITUTE. 

EXAMINATION  ON  PAPER  MANUFACTURE. 
1902. 

This  examination  took  place  on  Saturday,  April  26th,  from  2.30  to 
6.30  p.m.,  when  the  following  questions  were  set.  We  have 
arranged  with  Mr.  Clayton  Beadle  to  answer  these  in  the  same 
way  as  he  answered  last  year's  questions,  and  non-subscribers  are 
requested  to  apply  early  for  copies  of  the  issues  containing  these 
answers,  as  only  a  Umited  number  of  spare  copies  will  be 
available. 

Instructions. 

The  candidate  must  confine  himself  to  one  grade  only,  the 
Ordinary  or  Honours,  and  must  state  at  the  top  of  his  paper 
of  answers  which  grade  he  has  selected.  He  must  not  answer 
questions  in  more  than  one  grade. 

If  he  has  already  passed  in  this  subject  in  the  first  class  of 
the  Ordinary  Grade,  he  must  select  his  questions  from  those  of 
the  Honours  Crade. 

The  number  of  the  question  must  be  placed  before  the  answer 
in  the  worked  paper. 

Three  hours  cdloived  for  this  pafer. 

The  maximum  number  of  marks  obtainable  is  affixed  to  each 
question. 

jSf^B. — Candidates  are  cautioned  to  avoid  giving  in  their  answers 
to  the  folloiuing  questions  any  particulars  of  processes  used  in  the 
u'orlts  in  ivhich  they  are  employed  which  are  not  matters  of  puhlic 
knowledge. 

Ordinary  Grade. 

Not  more  than  nine  questions  to  he  attempted. 
1.  In  boiling  rags  with  caustic  soda,  what  are  the  principles 
which  regulate  the  conditions  of  treatment,  viz.  chiefly  :  Proportion 
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of  soda  and  of  total  liquor  to  rags,  temperature,  and  time  of 
boiling.  What  information  as  to  progress  of  the  treatment  is 
furnished  by  analysis  of  liquor  ?    (jo  marks.) 

2.  What  are  the  characteristics  most  desirable  in  papers  for 
(1)  photograph  mounts,  (2)  typewriting,  (3)  ledgers,  (4)  school 
books  (illustrated  in  colours)  ?  Give  the  furnish  you  consider 
most  suitable,  and  state  the  precautions  you  would  adopt  to  secure 
the  best  results.  (25.) 

3.  What  instruments  are  used  in  the  mill  to  measure  (1)  tem- 
perature, (2)  proportion  of  moisture  in  the  air,  (3)  specific  gravity, 
(4)  weight  and  thickness  of  papers  ?  State  briefly  what  you 
know  of  the  uses  of  such  measurements.  {30.) 

4.  Give  a  concise  description  of  (1)  Lowden's  Steam  Eegu- 
lator,  (2)  the  Marshall  Train,  and  discuss  the  advantages  claimed 
in  each  case.  (-25.) 

5.  In  boiling  Spanish  esparto,  how  much  caustic  soda  would 
you  use  per  ton  of  grass,  and  at  what  dilution  ?  State  the  latter 
as  percentage  (NaOH)  on  the  liquor,  and  from  this  the  (approxi- 
mate) number  of  gallons  per  ton.  At  the  conclusion  of  the 
boiling,  how  would  you  estimate  the  addition  to  volume  of  liquor 
due  to  condensation  of  steam  ?  (20.) 

6.  What  style  of  damper  do  you  consider  most  suitable  for 
damping  (1)  super-calendered  printings,  (2)  imitation  parchments, 
(3)  glazed  casings,  (4)  soft-sized  friction-glazed  printings  ?  Give 
practical  details  to  be  observed  in  damping  each  of  the  papers 
named.  {20.) 

7.  State  what  you  know  of  the  composition  of  bleaching 
powder  and  the  bleaching  action  of  the  hypochlorites.  How 
would  you  carry  out  the  bleaching  of  half-stuff  so  as  to  provide 
for  an  intermediate  washing  of  the  pulp  ?  What  are  the  advan- 
tages of  so  doing  ?  (-25.) 

8.  State  fully  the  treatment  you  would  adopt  to  impart  to  a 
strong  book  paper  the  characteristics  of  a  handmade  sheet.  Give 
furnish  you  would  use,  with  proportions  of  boiling  and  bleaching 
liquors ;  the  duration  of  treatment  in  each  department,  and 
reasons  for  the  adoption  of  any  special  appliances,  (jo.) 

9.  What  compounds  of  cellulose  are  soluble  in  water,  and  how 
are  they  prepared  ?  Which  of  these  are  used  in  papermaking, 
and  what  are  the  special  effects  they  produce  ?  (25.) 

10.  Describe  Cornett's  system  of  handling  and  treating 
esparto,  and  discuss  its  merits  compared  with  any  other  system 
you  are  acquainted  with.  (25.) 

11.  What  materials  are  used — 
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(«)  For  weighting  or  loading  papers  in  the  engine  ? 

(b)  For  surfacing  or  coating  ? 

(c)  For  colouring  (in  the  beater)  red,  blue,  yellow,  and  black  ? 
(Mention  one  pigment  and  one  soluble  dye  in  each  case).  (25.) 

12.  "What  precautions  would  you  take  to  prevent  froth  and 
air  bubbles  when  making  thin  printings  at  a  fast  speed,  with  a 
furnish  of  30  per  cent,  broke  and  70  per  cent,  esparto.  (20.) 

Honours  Geade. 

Not  more  than  nine  questions  to  he  attempted. 

1.  Permanganate  of  potassium  is  used  as  a  bleaching  agent  in 
neutral  solution.  How  does  it  break  up,  and  what  further  treat- 
ment of  a  pulp  would  be  required  to  eliminate  the  products  of 
decomposition  ?  Compare  approximately  the  cost  of  this  bleach 
at  £50  per  ton  for  KMn04,  with  that  by  bleaching  powder  of 
35-5  per  cent.  "  available  CI  "  at  £6  10s.  per  ton.    (25  marlcs.) 

2.  Which  variety  of  wood  fibre  do  you  consider  most  suited 
to  blend  with  (1)  linen  rags  for  typewriting  papers,  (2)  esparto 
for  fine  printings,  (3)  soft  cottons  for  blottings,  (4)  Manilla  ropes 
for  cartridge  papers  ?  State  the  treatment  you  would  adopt  for 
the  preparation  of  the  various  wood  pulps  from  the  raw  materials, 
and  give  data  for  boiling,  washing,  and  bleaching,  also  composi- 
tion of  boiling  and  bleaching  liquors,  with  the  yield  of  pulp  you 
would  expect  from  10  tons  of  raw  wood.  {30.) 

3.  Discuss  fully  the  question  of  economy  in  boiling  rags  with 
caustic  soda.  By  what  chemical  tests  would  you  control  the 
operation  and  fix  the  best  conditions  in  particular  cases  ?  (25.) 

4.  State  your  opinion  regarding  the  use  of  exhaust  steam  from 
the  machine  engine,  for  heating  the  drying  cylinders,  and  com- 
pare the  method  with  that  of  employing  a  condensing  engine  and 
drying  with  high-pressure  steam.  Show  how  you  arrive  at  the 
steam  consumption  for  each  method,  (jo.) 

5.  What  are  the  average  limits  of  thickness  of  writing  papers  ? 
For  a  given  mean  thickness,  calculate  the  weight  per  square 
metre  of  paper  of  50  per  cent,  "cellulose  density"  {i.e.  equal 
volumes  fibre  substance  and  air  space).  Taking  a  breaking 
length  of  7,500  m.,  what  maximum  weight  will  the  paper  support 
per  1  cm.  of  breadth  ?  (Take  the  sp.  gr.  of  cellulose  at  1-5). 
(25.) 

G.  Describe  the  plant  you  would  put  down  to  recover  and 
causticise  the  soda  in  the  liquors  from  the  boiling  and  washing 
of  100  tous  of  esparto  per  week.    State  the  approximate  number 
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of  gallons  per  boiler,  the  percentage  of  soda  you  would  expect  to 
recover,  and  the  cost  for  labour,  lime,  and  coal,  per  ton  of  soda 
recovered.  (25.) 

7.  Discuss  fully  the  conditions  of  penetration  of  papers  by 
size  solutions  in  tub-sizing.  How  would  you  vary  these  con- 
ditions, including  the  composition  of  the  size,  to  produce  the  best 
effects  ?  How  would  you  investigate  the  paper  to  ascertain  the 
distribution  of  the  size  and  the  sizing  effect  ?  (20.) 

8.  State  fully  how  you  would  handle  the  beating  tackle  when 
beating  the  pulp  for  the  papers  mentioned  in  Question  2.  What 
special  methods  would  you  adopt  to  secure  that  tbe  wood  fibres 
would  be  so  blended  as  to  prevent  the  finished  sheet  from  having 
a  "  woody  "  appearance  ?  {20.) 

9.  State  what  you  know  of  the  hydrated  modifications  of  cellu- 
lose, and  their  functions  in  the  papermaking  process.  What 
special  effects  are  obtained  by  these  hydrates  chemically  prepared. 

10.  Wherein  lie  the  advantages  of  the  multiple  effect  evapo- 
rator and  the  rotary  furnace  ?  State  what  you  know  of  the 
practical  working  of  each,  and  compare  them  with  the  Porion 
system  as  to  the  efficiency  and  cost  of  maintenance.  (20.) 

11.  Give  briefly  a  full  scheme  for  the  analysis  and  testing  of 
writing  and  book  papers.  Give  also  a  selection  of  these  tests  for 
rapidly  determining  the  main  features  of  composition.  (25.) 

12.  Schedule  the  proportions  of  chemicals  you  would  use  in 
boiling  and  bleaching  (1)  Manilla  ropes,  for  strong  cartridges ; 
("2)  flax  waste,  for  caps  ;  (3)  unbleached  cottons,  for  loan  papers  ; 
(4)  jute,  for  casings  ;  (5)  muslins,  for  blottings.  State  tempera- 
ture, pressure,  and  duration  of  boiling,  together  with  any  special 
modifications  you  consider  advantageous.  {30.) 


V. 


CITY  AND  GUILDS  OF  LONDON  INSTITUTE. 

EXAMINATION  ON  PAPER  MANUFACTURE. 
1903. 

The  City  and  Guilds  of  London  Institute's  Examination  on  the 
Manufacture  of  Paper  was  held  on  May  1st,  and  the  following  were 
the  questions  set.  The  instructions  were  the  same  as  in  former 
years. 

Oedinaey  Geade. 

1.  Describe  the  structural  features  of  straw  and  esparto  and  of 
the  fibres  of  their  respective  half-stuffs.  What  are  the  average 
dimensions  and  structural  features  of  cotton  and  linen  (flax) 
when  fully  beaten  ?    (25  marJcs.) 

2.  What  advantages  are  gained  by  using  bronze  in  place  of 
steel  for  beater  bars  and  plates  ?  State  the  materials  in  the  pre- 
paration of  which  you  would  expect  to  secure  the  best  results  from 
the  use  of  bronze.  {20.) 

3.  Mention  the  various  forms  of  wood  pulps,  with  their  more 
particular  uses.  Give  a  short  account  of  their  preparation  from 
the  original  woods.  What  do  you  understand  by  a  "  strong 
sulphite  pulp,"  and  how  would  you  determine  whether  a  given 
sample  conforms  with  this  description  ?  (25.) 

4.  Describe  the  conditions  which  give  rise  to  "  blowing "  in 
front  of  the  first  press  rolls,  and  state  the  precautions  you  would 
take  to  prevent  it  when  making  thin  paper  on  a  close-textured 
wet  felt.  (20.) 

5.  With  bleaching  powder  of  35"5  per  cent,  "available 
chlorine  "  at  £4  15s.  a  ton,  calculate  the  value  of  the  "  chorine  " 
per  pound  and  per  kilo.  A  waste  bleach  liquor  is  tested,  and 
found  to  contain  0*01  gramme  "  chlorine  "  per  100  cc.  ;  what 
quantity  does  this  represent  on  003  gallons  of  the  liquor  ? 
Calculate  the  quantity  of  sulphite  antichlor — NaaSoyTHgO — re- 
quired to  neutralize.  (25.) 


41 


G.  What  advantages,  if  any,  are  obtained  by  running  esparto 
over  the  presse-pate  previously  to  bleaching  ?  (25.) 

7.  What  do  you  understand  by  («)  a  neutral,  and  (b)  an  acid 
rosin  size  ?  Give  working  particulars  for  preparing  and  using 
them.  What  is  an  average  dilution  of  the  rosin  size  in  the 
beater,  and  how  is  the  rosin  compound  affected  by  the  dilution  ? 
ijo.) 

8.  Which  type  of  refining  engine  would  you  put  down  to 
supplement  the  beating  power  for  the  preparation  of  stock  for 
(1)  esparto  printings,  (2)  news,  (3)  typewriting  papers,  (4)  glazed 
casings  ?  Give  your  reasons  for  the  adoption  of  any  particular 
type,  and  state  what  increase  in  the  production  you  would  expect 
to  obtain.  (30.) 

9.  A  water  is  found  to  contain — 

•  Grains  per  Gallon. 

Lime   11-2 

Magnesia       ...       ...       ...       ••.       •••  8'0 

Sulphuric  anhydride   ...  8"0 

Carbonic  anhydride  (expelled  on  boiling)   ...  13'2 

Express  these  results  as  "parts  per  100,000,"  and  give  the 
chemical  formulae  for  the  constituents.  What  chemicals  would 
be  required  to  soften  this  water  ?  {20.) 

10.  Give  a  brief  description  of  Bertram's  vacuum  ejector,  and 
discuss  its  merits  compared  with  the  ordinary  vacuum  pumps  for 
extracting  the  water  from  the  paper  in  its  passage  over  the  wire. 
What  saving  in  power  would  you  expect  to  obtain  when  using 
the  ejector  ?  (25.) 

11.  Give  a  brief  account  of  the  substances  represented  by  the 
following  formulse,  and  describe  their  ordinary  commercial 
forms— NaOH,Na,CO.,,NaHCO„  CaO,  CaS04,  CaCOCl)^,  Al^d^O,. 
State  what  you  know  of  the  composition  of  ultramarine,  smalts 
and  china  clay,  casein  and  gelatine,  (jo.) 

12.  State  the  practical  details  you  would  observe  when  making 
a  thick  chromo  paper,  so  as  to  ensure  freedom  from  stretch  and 
dusting  in  printing.  (25.) 

Honours  Grade. 

1.  With  Spanish  esparto  at  £4  15s.  a  ton  f.o.r.  trace  the 
increments  of  cost  of  the  cellulose  through  the  several  stages  of 
preparation  up  to  the  stuff  chest.    (25  marks.) 

2.  Draw  up  a  scheme  for  the  production  of  the  following 
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papers,  showing  the  proportions  of  the  various  materials  you 
would  use,  and  their  approximate  cost  per  ton  of  finished  paper— 
(1)  Fine  writings  at  bd.  per  pound,  (2)  E.  S.  printings  at  2ki 
per  pound,  (3)  news  at  l^d.  per  pound,  (4)  M.  G.  caps  at  Ud. 
per  pound.  State  the  average  cost  of  production  in  each  case 
{30.) 

3.  Write  a  short  general  account  of  rosin  sizing,  dealing  par- 
ticularly with  the  following  points  :  («)  Proportion  of  soda  to 
rosin,  {!>)  effect  of  dilution  before  adding  to  the  beater  and  in 
the  beater,  {c)  hard  and  soft  waters  and  use  of  back-water  in  the 
beater,  {d)  auxiliary  action  of  colloidal  alumina,  starch,  and 
cellulose,  (e)  thin  and  thick  papers,  (/)  "wet"  and  "free" 
running  on  the  machine.  (25.) 

4.  State  your  ideas  as  to  the  future  of  electricity  as  a  motive 
power  in  the  paper  mill,  and  describe  what  you  know  of  its  nppli- 
cation  at  the  present  time.  (25.) 

5.  What  tests  can  be  applied  to  stuff  in  the  beater  to  follow 
the  progress  of  beating  ?  Sketch  a  plan  of  systematic  records  in 
regard  to  the  preparation  of  the  stuff.  How  can  the  beatiiio-  be 
influenced  by  chemical  means  ?    (25.)  ° 

_  G.  How  would  you  proceed  to  produce  a  "feather  weio-ht" 
printing  at  2\d.  per  pound  ?  Schedule  the  materials  you  would 
use,  and  the  practical  details  you  would  observe  in  the  manufac- 
ture, in  order  to  impart  the  desired  characteristics  to  the  finished 
sheet.  (25-.) 

7.  Give  a  general  account  of  hard  and  soft  waters  in  relation 
to  (a)  steam  raising,  {b)  the  papermaking  processes.  A  water 
contains,  per  100,000  pts.,— 

CaCOs  (as  bicarbonate)    18-5 

MgSO,    9.4 

Calculate  the  chemicals  required  to  soften  per  1,000  gallons,  and 
show  the  advantages  of  using  the  softened  water  in  the. case  of  an 
esparto  mill.  {30.) 

8.  What  do  you  know  of  the  requirements  of  an  "  imitation 
art  "  ?  Give  an  approximate  furnish  for  this  grade  of  paper  at 
2ld.  per  pound,  and  state  how  you  would  treat  it  in  the  various 
processes  from  the  wet  end  to  the  cutter  in  order  to  get  the  best 
results.  (20.) 

!).  Criticise  the  expression  "  breaking  length  "  of  papers,  and 
show  where  it  fails  as  a  comparison  of  actual  breaking  strains 
What  do  you  propose  in  its  place  ?     Propose  such  tests  of 
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"  opacity  "  and  "  surface  "  or  finish  as  admit  of  numerical  records. 

10.  Describe  how  you  would  proceed  to  convert  10  tons  of 
jute  bagging  into  a  strong  cartridge  paper,  and  schedule  the 
duration  of  each  stage,  with  the  percentage  of  chemicals,  steam 
pressure  and  temperature  of  bleaching  solution.  State  how  you 
would  prevent  chlorination  of  the  fibres,  when  obtaining  as  white 
a  colour  as  possible,  consistent  with  retaining  the  strength  and  the 
yield  of  finished  paper  you  would  expect  to  obtain.  (25.) 

11.  Give  a  classification  of  raw  fibrous  materials  and  com- 
mercial half-stuffs,  (1)  according  to  chemical  characteristics, 
(2)  according  to  the  main  types  of  paper  which  they  are  used  to 
produce.  (25.) 

12.  Whether  do  you  consider  it  to  be  more  economical,  to 
supplement  the  steam  raising  plant  by  installing  a  forced  draught 
apparatus  with  mechanical  stoking,  or  by  adding  an  additional 
boiler  and  firing  by  hand  ?  State  which  type  of  forced  draught 
and  mechanical  stoker  you  consider  most  efficient.  (25.) 


VI. 


CITY  AND  GUILDS  OF  LONDON  INSTITUTE. 

PAPERMAKING  EXAMINATION. 
1904. 

The  following  are  the"  questions  set  in  the  examination  on  paper 
manufacture,  held  on  April  30th  : — 

Oedinary  Geade. 

1.  What  is  the  volume  of  a  ton  of  water  ?  Give  an  approximate 
estimate  of  the  dimensions  of  a  reel  of  newspaper  weighing  250 
kilos.  What  is  the  thickness  of  a  cigarette  paper,  and  the 
approximate  weight  per  square  metre  ?    (25  marks.) 

2.  What  dyes  would  you  use  for  the  production  of  the  following 
papers  :  geranium  red,  canary  yellow,  fast  blue  ?  State  the  pre- 
cautions you  would  adopt  to  produce  the  best  results,  most 
economically,  in  each  case.  (25.) 

3.  Specify  furnish  for  (a)  best  white  blottings,  (b)  biscuit 
caps,  (r)  cutlery  wrapping.  Contrast  the  details  of  preparation  of 
the  stuff  in  relation  to  the  particular  qualities.  (2j.) 

4.  State  the  materials  you  consider  most  suitable  for  the 
production  of  a  buff  copying,  and  give  a  brief  outline  as  to  how 
you  would  treat  them  so  as  to  give  the  desired  characteristics 
to  the  finished  sheet.  (25.) 

5.  Write  a  short  account  of  the  water-soluble  compounds  of 
cellulose.  (25.) 

6.  How  would  you  manipulate  the  various  parts  of  the  paper- 
making  machine  in  order  to  produce  a  fine  printing,  the  under  side 
of  which  would  be,  as  nearly  as  possible,  as  smooth  as  the  top 
side  ?  {20.) 

7.  Specify  composition  of  normal  papers  (a)  for  documents  of 
permanent  value,  (b)  for  book  papers.  Explain  the  defects  in 
chemical  composition  to  be  avoided.  (25,) 

8.  State  the  characteristics  most  desirable  in  a  "  body  "  paper 
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!or  surface  enamelling.  Give  the  proportions  of  the  materials 
^ou  would  use,  and  state  how  you  would  handle  the  beating 
tackle,  (jo.) 

[).  Give  practical  details  for  making,  storing,  distributing,  and 
using  bleach  liquor  in  the  mill  State  what  you  know  of  the 
chemistry  of  bleaching  powder,  and  the  bleaching  action  of  its 
solution.  (2S.) 

10.  Describe  briefly  Marshall's  patent  drive  for  the  paper- 
making  machine,  and  state  the  advantages  you  consider  to  be 
gained  by  its  adoption.  (20.) 

11.  What  are  the  special  chemical  and  physical  features  of  (a) 
chemical  filter  papers,  (b)  blottings,  (c)  grease-proof,  (d)  paper  for 
protecting  photographici  films  and  plates,  (e)  paper  for  wrapping 
cutlery  and  plate,  (/)  cable  papers  ?  How  would  you  test  each  in 
regard  to  special  use  ?  (25.) 

12.  What  advantages  are  to  be  gained  by  covering  steam  pipes 
with  non-conducting  material  ?  Give  an  estimate  of  the  saving 
which  may  be  effected  in  a  modern  two-machine  mill  in  which  a 
complete  system  of  covering  is  adopted,  (jc) 

Honours  Grade. 

1.  Examine  critically  the  efficiency  of  a  beating  engine,  both  as 
to  economy  of  power  and  control  of  the  range  of  effects  required 
in  the  preparation  of  an  esparto  furnish,    (jo  tnarJcs.) 

2.  Discuss  the  question  of  rope  versus  belt  driving  for  the 
paper  mill  machinery.  (20.) 

3.  How  would  you  investigate  the  effects  of  calendering  upon 
the  physical  properties  of  papers  ?  Show  in  what  respects  the 
ordinary  methods  of  paper  testing  fail  to  exhaust  the  problems 
involved.  (25.) 

4.  How  would  you  proceed  to  ensure  accurate  register  if,  on 
starting  to  make  an  E.S.  writing,  the  distance  between  the  water- 
marks was  an  eighth  of  an  inch  too  small  ?  (20.) 

5.  What  are  the  limitations  of  wood  pulp  (cellulose)  in  regard 
to  papermaking  effects  ?  How  far  is  this  due  to  structural  and 
chemical  features  of  the  cellulose,  and  how  far  to  deficiencies  in 
treatment  in  the  mill  ?  (25.) 

6.  What  plan  would  you  adopt  to  guard  against  excess  of  soda 
when  supplementing  causticised  soda  liquor  with  77  per  cent, 
alkali  in  boiling  esparto  ?  (25.) 

7.  In  colouring  or  dyeing  papers  in  the  engine,  what  causes 
affect  the  permanence  of  the  effect  ?    How  would  you  examine 
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dyed  papers  in  regard  to  the  quality  of  fastness  ?  Specify  for 
a  fast  medium  blue,  red,  yellow,  and  brown,  on  pure  cellulose 
papers.  (25.) 

8.  State  your  opinion  regarding  the  adoption  of  gas  for  motive 
power  in  the  paper  mill,  and  describe  any  gas-producing  system 
with  which  you  are  acquainted.  (55.) 

9.  What  are  the  main  causes  of  the  deterioration  of  book 
papers  ?  G-ive  a  chemical  account  of  the  effects  referred  to  and 
their  specific  causes.  (-25.) 

10.  What  are  the  special  requirements  most  desirable  in  a 
paper  for  photographic  prints  ?  Draw  up  a  scheme  for  the 
production  of  such  a  paper  to  sell  at  Gd.  per  lb.,  stating  the 
materials  you  would  use  and  the  precautions  you  would  adopt  to 
ensure  the  best  results,  (jo.) 

11.  State  what  happens  when  a  drop  of  iron  gallo-tannic  ink 
diffuses  into  a  blotting  paper.  What  use  would  you  make  of  your 
observations  in  comparing  the  qualities  of  blottings  and  con- 
trolling the  processes  of  manufacture  ?  (25.) 

12.  How  would  you  manipulate  the  various  parts  of  the 
machine  when  making  "news"  at  a  high  speed,  so  as  to  produce 
large  equal-bulking  reels,  free  from  breaks  ?  (25-.) 


VII. 


PAPERMAKERS  AND  TECHNOLOGY. 

EXAMINATION  PAPERS. 
1905. 

The  examination  in  paper  manufacture  of  students  attending 
technical  classes,  under  the  auspices  of  the  City  and  Guilds  of 
London  Institute,  was  held  on  April  29th.  The  following  were 
the  questions : — 

OeDINARY  GrRADE. 

Not  more  than  eight  qimtions  should  he  attempted. 

1.  Mention  three  systems  of  making  straw  into  half-stuff. 
Give  a  brief  outline  of  the  processes.    {20  marks.) 

2.  Describe  briefly  the  action  of  a  KoUergang,  and  discuss  the 
limits  of  its  usefulness  as  a  substitute  for  the  beating  engine  when 
worked  in  conjunction  with  a  refining  engine,  (jo.) 

o.  The  following  data  are  obtained  in  testing  a  paper : 
Weight  per  square  metre,  34-2  grm.  ;  thickness,  O'O?  millimetre  ; 
breaking  length,  machine  direction,  .5,473  metres ;  cross  direction, 
3,724  metres.  Calculate  specific  gravity  and  mean  breaking  strain 
per  square  mm.  section.  {30.) 

4.  Discuss  the  relative  merits  of  paper,  cotton,  and  woollen- 
paper  for  covering  calender  bowls.  {20.) 

5.  What  is  the  influence  of  iron  oxide  on  the  durability  of 
paper  ?  How  would  you  show  its  presence,  and  how  would  you 
trace  the  source  or  sources  from  which  it  is  derived  ?  (20.) 

(j.  What  advantages  are  to  be  gained  by  the  use  of  rubber- 
covered  bottom  press  rolls  ?  (20.) 

7.  Trace  the  relations  in  the  quantity  of  water  to  (per  100 
kilos.)  bleached  esparto  pulp  (calculated  as  "  dnj ")  from  the 
time  it  enters  the  beaters  until  it  reaches  (as  paper)  the  last  of  the 
drying  cylinders  of  the  machine,  (jo.) 
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8.  State  the  precautions  you  would  adopt  to  prevent  frothing 
when  working  a  large  proportion  of  an  aniline  dye,  such  as  cotton 
scarlet.  How  would  you  ensure  complete  exhaustion,  and  a  clean 
back-water  ?  (25.) 

9.  What  cellulose  would  you  select  for  making  papers  with 
regard  to  the  following  particular  characters  respectively : 
Strength,  bulk,  opacity,  transparency,  purity  ?  Can  any  of  these 
qualities  be  varied  by  chemical  treatment  ?    If  so,  how  ?  (25.) 

10.  Describe  the  type  of  strainer  you  consider  the  most  suit- 
able for  the  production  of  (1)  rag  papers,  (2)  esparto  papers, 
(3)  wood  pulp  papers.  (25.) 

11.  What  is  a  thermometer,  hydrometer,  hygrometer  ?  What 
are  the  practical  uses  of  these  instruments  in  a  mill  ?  (2^.) 

12.  What  saving  in  coal  would  you  expect  to  result  from 
feed  water  at  180°  Fahr.,  as  compared  with  60°  Fahr.,  the  in- 
creased temperature  being  obtained  from  the  use  of  the  waste 
steam  from  the  machine  cylinders  ?  (jo.) 

Honours  Grade. 

Not  more  than  eight  questions,  or  five  questions  and  one  essay, 
to  he  attempted. 

1.  How  would  you  proceed  to  investigate  the  ratio  of  sizing 
effect  to  quantity  of  sizing  agent  used  in  the  case  of  (ci)  engine 
sizing  (rosin),  (h)  tub  sizing  (gelatine)  ?    (25  marJcs.) 

2.  Describe  Masson's  patent  bleaching  tower,  and  discuss  its 
merits  as  fully  as  you  can.  (20.) 

3.  Give  working  particulars,  with  quantitative  details,  of  three 
methods  of  preparing  half-stuff  from  straw.  Show  how  you 
would  estimate  the  costs  of  the  half-stuffs  in  each  case.  (25.) 

3.  Discuss  the  relative  merits  of  Spanish  and  African  esparto, 
and  state  fully  the  percentage  of  chemicals  and  the  duration  of 
treatment  necessary  to  produce  a  well-boiled  pulp  of  good  colour 
in  each  case,  (jo,') 

5.  How  would  you  make  a  paper  to  contain  {a)  one  gram  of 
calcium  carbonate  per  square  metre  (surface  measure),  (b)  per 
100  cubic  centimetres  (volume  measure)  ?  How  much  paper 
in  each  case  would  be  required  to  neutralise  17  c.c.  normal 
HCl?  i2s). 

G.  Describe  any  one  of  the  various  forms  of  kneaders  you 
are  acquainted  with,  and  discuss  the  limits  of  its  usefulness  in 
the  treatment  of  paper  stock.  (20.) 
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7.  Describe  three  methods  of  estimating  mechanical  wood 
pulp  in  papers.  (25.) 

8.  Describe  Parson's  steam  turbine,  and  give  an  outline  of 
its  possibilities  as  a  motive  power  in  the  paper  mill,  (jo.) 

9.  From  what  you  know  of  the  ultimate  structure  of  esparto 
cellulose,  calculate  the  average  number  of  fibres  per  1  c.c.  of  a 
printing  paper  containing,  in  addition,  22  per  cent,  of  china  clay 
(specific  gravity  2-83).  (25.) 

10.  State  what,  in  your  opinion,  are  the  most  important  de- 
velopments in  papermaking  machinery  during  the  past  year.  (25). 

11.  How  would  you  investigate  coloured  papers  (a)  for  resist- 
ance to  light,  (p)  for  the  specific  or  direct  causes  of  fading  ?  In 
matching  papers,  how  would  you  make  observations  by  transmitted 
light,  and  what  value  do  you  attach  to  these  in  matching  shades  ? 

12.  What  are  the  characteristics  most  desirable  in  a  paper  for 
cable  insulation  ?  Draw  up  a  scheme  for  the  production  of  such 
a  paper,  and  schedule  the  duration  of  the  various  processes  you 
would  employ,  with  the  proportions  of  chemicals  necessary.  (25.) 

As  an  alternative  to  questions  3,  7,  11,  the  student  may  write 
an  essay  on  subject  A  below  ;  or  as  an  alternative  to  questions  8, 
10,  12,  the  candidate  may  write  an  essay  on  Subject  B  below. 

Subject  A. — "  The  general  chemical  characteristics  of  cellulose 
are  those  of  a  '  Colloidal  Salt.'  "  Examine  this  statement  criti- 
cally, both  from  the  standpoint  of  theory,  and  of  the  functions 
and  industrial  uses  of  celhilose.    (75  marks.) 

Subject  B. — Discuss  exhaustively  the  question  of  Beating, 
dealing  with  the  several  types  of  beaters,  their  mechanical  work, 
in  relation  to  economy  of  power,  and  the  incidental  chemical 
effects  produced  in  the  beater.  {So.) 
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VIII. 


ANSWERS  TO  THE  QUESTIONS  AND  EXPLANATORY 
NOTES. 

INTRODUCTORY  REMARKS. 

I  CONFESS  I  feel  some  diffideiice  in  consenting  to  answer  the 
questions  set  by  the  examiners  of  the  City  and  Guilds  of  London 
Institute  on  papermaking.  The  questions  are,  in  my  mind,  the 
best  that  have  ever  been  set.  They  may  be  described  as  "  leading 
questions,"  many  of  them.  However,  it  is  one  thing  to  set  these 
questions,  and  another  thing  to  answer  them  in  a  way  that  does 
not  lay  one  out  to  considerable  criticism.  The  answers  to  many 
of  the  questions'  are  straightforward  enough,  but  others  are  more 
a  matter  of  opinion  than  a  matter  of  fact.  On  some  questions  it 
would  be  safe  to  say  that  no  two  papermakers  hold  the  same 
opinion,  and  I  am  quite  prepared  to  find  that  those  who  are  au 
fait  with  the  particular  subject  raised  by  the  individual  question 
will,  if  they  express  their  opinion  at  all,  have  a  good  deal  to  say 
in  criticism  of  my  remarks.  My  desire  is  rather  to  lead  out  the 
individual  faculties  of  the  students,  and  to  teach  them  to  think 
for  themselves,  than  to  attempt  to  supply  a  key  to  the  questions 
already  set.  I  trast  that  my  humble  attempts  in  this  respect 
will  be  of  some  service  to  those  who  desire  to  enter  for  future 
examinations. 

ORDINARY  GRADE. 
1901.  " 

Question  1. — Hoiv  do  you  measure  the  thickness  of  a  paper  ? 
Estimate  the  thickness  of  a  hook  of  24,0  pages  made  of  paper  of  thick- 
ness 0*054  millimetre.  Express  the  result  in  terms  of  the  inch. 
(20  marks.) 

Answer  1. — By  the  use  of  a  micrometer  gauge. 

By  carefully  measuring  the  thickness  of  a  roam  of  paper  under 
pressure,  and  dividing  thickness  of  ream  by  number  of  sheets  per 
ream. 
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Ttie  thickness  of  a  book  of  240  pages  made  of  paper  0*054  mm. 
thick,  is  as  follows  : — 

240  X  0-054  . 

 2          =  6*48  mm. 

or  1^  =  0-255  inches.    Approx.  ^  inch  thick. 

Remarks— The  accuracy  of  the  measurement  with  a  micrometer  is  increased 
by  folding  the  sheet  a  number  of  times.  Of  course  the  reading  must  be  divided 
by  the  number  of  thicknesses.  Care  must  be  taken  that  only  a  moderate  force 
IS  exerted  m  screwing  up  the  micrometer,  otherwise  the  paper  will  be  compressed, 
and  the  micrometer  will  give  a  false  reading.  The  most  accurate  measurements 
are  obtained  with  a  specially  designed  micrometer  that  will  only  exercise  a 
certam  amount  of  pressm-e  when  screwed  up.  For  ordinary  readings  the  ordi- 
nary micrometer  divided  into  ^'gg  of  an  inch  is  quite  sufficient,  if  used  with  care. 

Question  2— What  instructions  icould  you  give  to  the  heater- 
man  for  the  preparation  of  a  superfine  blue  writing-paper  ?  How 
would  you  manipulate  the  various  parts  of  the  machine  to  impart  the 
desired  characteristics  to  such  a  paper?  State  also  what  steps  you 
would  take  to  prevent  the  colour  from  fading  ivhen  in  contact  uith 
the  animal  size.  (30.) 

Answer  2.— Beat  for  four  hours.  Gradually  increase  the 
pressure  on  bedplate  by  lowering  roll  a  little  every  20  minutes. 
Full  pressure  of  roll  should  be  on  bedplate  during  the  last  half 
of  third  hour  and  first  half  of  fourth  hour,  and  until  fibres  are 
sufficiently  beaten  to  suit  the  special  characteristics  of  the  paper 
to  be  produced.  Then  raise  the  roll  so  as  to  brush  bedplate  for 
twenty  minutes,  to  free  stuff  from  knots. 

The  flow  of  stuff  from  the  chest  must  of  course  be  regulated 
to  suit  the  required  thickness  of  paper.  Live  steam  must  be 
introduced  into  the  steam-box  where  the  saveall  mixes  with  stuff 
from  chest.  The  temperature  of  stuff  flowing  to  machine  should 
be  so  maintained  for  a  paper  of  medium  thickness  that  most  of 
the  water  leaves  before  the  first  suction-box,  and  that  the  stuff 
is  not  too  wet  under  the  dandy-roll,  but  sufficiently  wet  to  take 
the  necessary  impression.  The  temperature  of  stuff  and  pro- 
portion of  saveall  water  must  be  so  regulated  as  to  insure  that  the 
shake  is  effective  as  far  along  the  wet  end  as  possible.  The  speed 
should  be  between  40  and  60  feet  per  minute,  according  to 
circumstances.  Undue  heating  on  drying  cylinders  should  be 
avoided  as  far  as  possible,  to  prevent  decomposition  of  blue  by 
alum.  Ultramarine  should  be  used  as  the  colouring  agent 
except  where  it  is  a  sine  qua  non  that  the  paper  should  "not  fade' 
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as  in  the  case  of  ledger  paper,  when  "  smalts"  must  be  used.  In 
either  case  the  greatest  care  should  be  exercised  to  prevent  the 
suction  boxes  from  drawing  away  the  pigment  from  the  under 
surface,  and  so  making  the  two  sides  of  a  different  tint.  If 
uniformity  of  colour  is  a  necessity,  avoid  too  great  dilution  of 
stuff,  and  slow  shake  of  machine,  so  as  to  prevent  the  gravitation 
of  the  pigment  to  the  under  surface. 

The  fading  of  colour  can  be  prevented  when  in  contact  with 
animal-size  by  the  use  of  smalts,  which  is  unacted  on  by  the 
alum,  or  by  the  use  of  an  alum-proof  ultramarine  and  avoiding 
an  unnecessary  excess  of  alum  in  the  gelatine.  It  is  essential 
that  the  alum  used  should  not  contain  free  acid  ;  it  is  better  also, 
for  the  sake  of  the  paper,  that  a  basic  sulphate  of  alumina  .be 
used  in  place  of  the  ordinary  sulphate, 

Eemarks. — Mr.  Clapperton,  in  his  book  on  paper-makiug,  speaks  of  smalts 
fading.  I  have  never  found  this  so,  and  think  it  must  be  due  to  smalts  adultera  - 
tion with  ultraraariue.  No  two  makers  would  proceed  in  the  same  way,  and  the 
modus  operandi  is  dependent  largely  upon  innumerable  circumstances.  The 
question  is  a  good  one  to  test  a  student's  knowledge,  but  to  write  fully  on  the 
subject  would  fill  a  good-sized  book  as  well  as  divulge  many  ti-ade  secrets. 
Notice  that  blue  papers  give  off  sulphurous  acid  gas  passing  over  cylinders,  and 
often  are  neutral  to  the  most  delicate  tests  with  the  most  delicate  indicators. 
These  two  facts  are  a  proof  of  the  decomposition  of  ultramarine. 

Question  3, — IToiv  are  the  following  fibres  detected  in.  a  paper 
Jute,  esparto  {cellulose),  mechanical  ivood?    Hoiv  luoidd  you 
estimate  the  quantity  of  each  when  in  admixture  tvith  rag  fibre 
only?  (30.) 

Answer  3. — 

Aniline  Sulphate.  Microscope. 

Mechanical  Wood  Brilliant  yellow,  Flat  clusters  of  fibres, 
quickly  developed  sometimes  broken,  often 
even  in  cold.  with    medullary  rays. 

Fibres  often  showing 
pitted  vessels. 

Jute    ...       ...    Brilliant    yellow,    Fibres  very  long,  often 

quickly  developed  separate.  Diameter  very 
even  in  cold.  irregular.    Hair  on  sur- 

face.   Central  canal  fine 
and  sometimes  invisible. 
Esparto         ...    Pink  on  prolonged    Seed  hairs  proof  of  esparto. 

boiling. 
Red  Fibre      ...    No  chans^e 
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The  mechanical  wood  and  jute  can  be  quantitively  determined 
together  by  means  of  Dr.  Wurster's  "  di- paper  "  (dimetliyl-para- 
phenilene-diamine)  and  comparison  with  his  standard  scale.  The 
relative  proportion  of  mechanical  wood  to  jute  can  be  roughly 
ascertained  by  counting  the  number  of  fibres  of  each  under  the 
microscope.  The  esparto  is  recognised  by  its  red  colour  after 
treatment  with  aniline  sulphate  and  by  the  presence  of  leaf  hairs. 
In  order  to  judge  of  the  proportion  of  esparto,  the  pulp  under 
examination  should  be  examined  by  the  side  of  an  authenticated 
specimen  of  esparto  cellulose.  The  fibres  of  esparto  by  no  means 
resemble  the  other  fibres  of  the  paper.  They  can  furthermore  be 
differentiated  from  the  rest  by  the  staining  with  iodine.  By 
this  treatment  mechanical  wood  and  jute  are  coloured  yellow  and 
the  rag  fibres  are  coloured  brown,  whilst  the  esparto  is  left 
colourless. 

By  following  the  above  plan  a  rough  estimate  can  be  arrived 
at  of  the  relative  proportion  of  each  fibre.  As  a  check,  mix 
together  mechanical  wood,  jute,  esparto,  and  rag  fibre,  in  the 
proportions  you  judge  to  exist  in  paper,  and,  after  staining, 
compare  with  original. 

Question  4. —  What  are  the  advantages,  if  any,  possessed  ly 
plate-glazed  papers  as  compared  ivith  those  finished  on  the  super- 
calender  ?  What  precautions  would  you  talce  to  prevent  variations 
in  colour  when  friction-glazing  soft-sized  pinh  printing  paper  ?  (20.) 

Answer  4. — Plate-glazed  papers  possess  a  certain  refinement 
of  finish  which  cannot  be  imitated  by  other  means.  The  surface 
is  particularly  agreeable  for  high-class  writing  paper,  as  it  takes 
the  ink  in  a  way  that  is  not  possible  by  friction-glazing.  The 
pen  glides  over  the  surface  without  appearance  of  greasiuess. 
Plate-glazing  renders  the  paper  more  transparent,  a  quality  liked 
for  certain  classes  of  writing  paper,  but  obviously  disadvantageous 
for  envelopes.  It  does  not  lower  the  colour  and  character  of 
surface  in  the  way  that  friction-glazing  does.  It,  however,  tends 
towards  brittleness,  and  causes  the  paper  to  break  when  sharply 
folded.  If  carried  too  far,  it  "  crushes "  the  paper,  and  often 
obliterates  the  water-mark. 

Keep  moisture  in  paper  and  pressure  on  rolls  absolutely 
uniform. 

Eemakks. — If  dry  pink  is  used,  specks  are  often  produced  on  the  underside  of 
tlie  paper.  The  friction-glazins:  -would  very  much  intensify  these  specks  if 
lilazed  on  side  specks  appear.    The  difficulty  can  be  overcome  by  following 
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instructions  given  in  Mr.  Clapperton's  book:  "A  very  simple  way  to  use  carna- 
tion is  to  dissolve  it  in  a  dilute  solution  of  ammonia,  to  wliicli  a  little  cream 
of  tartar  has  been  added." 

Notice  that  the  high  finish  obtained  by  plate-glazing  closely  resembles  a 
superior  finish  obtained  by  the  housewife  when  "getting  up  "  linen.  In  both 
starch  plays  an  important  part. 

Question  5.— A  delivery  of  pulp  of  1,7G9  Mies,  unbleached 
sulphite,  ivith  12  per  cent,  moisture  {allowed)  is  to  be  sampled  and 
the  moisture  determined.  Give  exact  particulars  of  the  test  and  the 
form  in  ivhich  the  result  is  expressed.  (20.) 

Answer  5.— At  time  of  delivery  set  aside  4  per  cent,  of  the 
bales  (taken  from  all  parts  of  consignments)  for  the  purpose  of 
sampling.    The  number  of  bales  in  this  instance  would  be 

1769  X  2 

Take  sample  from  five  sheets  in  each  bale.  The  first  sheet 
to  be  taken  \  in.  from  top.  The  second  sheet  to  be  taken  half- 
way between  this  sheet  and  the  middle  of  bale.  The  third  sheet 
to  be  taken  at  middle  of  bale.  The  fourth  and  fifth  sheets  to  be 
taken  in  corresponding  position  to  Nos.  2  and  1  respectively. 

Each  sheet  should  be  sampled  by  cutting  out  small  pieces,  by 
means  of  a  sharp  knife  or  a  sharp  hollow  circular  punch,  from 
four  different  points,  equidistant  between  the  centre  and  each  of 
the  four  corners  of  sheet.  The  pieces  so  removed  must  at  once 
be  placed  in  a  dry,  well-stoppered  glass  bottle,  previously  carefully 
weighed. 

When  all  the  bales  are  tnus  sampled,  the  bottle  is  carefully 
weighed,  The  pulp  is  then  carefully  removed  to  drying  chamber 
and  dried  at  212°  Fahr.  until  the  sample  ceases  to  lose  weight. 

Assuming  that  the  weight  of  the  moist  pulp  was  542  grammes, 
and  bone-dry  pulp  412  grammes,  the  amount  of  air-dry  pulp  con- 
taining 12  per  cent,  moisture  is  calculated  as  follows  :  — 

412  X  100      ...  -11 
(100-12)  ^       grammes  air-dry  pulp 

The  percentage  of  air-dry  on  original  pulp  would  be 

468  X  100     ...^  , 
"542 —  " 

86-3  per  cent,  deducted  from  100  per  cent,  equals  13-7  per  cent, 
surplus  moisture. 
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Kemarks. — This  qiiestion  tests  a  student's  faculties  more  than  if  the  air- 
dryness  had  been  taken  as  10  per  cent.  (i.e.  the  figure  now  adopted  by  th3  British 
Wood  Pulp  Association),  as  it  would  he  useless  for  hira  to  learn  the  formula 

-TTTT^  by  heart.    A  student  should  test  the  correctness  of  his  figures.    He  can  do 
90  •' 

this  in  the  above  case  by  finding  out  the  amount  of  air-dry  moisture  to  be  added 
to  the  bone-dry  weight.  The  two  figures  together  should  equal  the  calculated 
air-dry  weight. 

412_XJ2     _     gg     ^Jj,  (Jj.yQggg_ 

100  -  12  •' 

Bone-diy.  Air-dryness. 
To  be  added— 412    +    66  =  468  air-dry  fibre. 

The  mode  of  sampling  above  cited  is  practically  on  the  lines  of  Sindall's  recom- 
mendations,  and  constitutes  the  best  method  known. 

Question  G. — Suppose  a  macMne  so  fitted  that  the  ivire  frame 
can  be  raised  or  lowered  from  the  breast  roll  as  desired,  what  varia- 
tions from  the  level  would  you  make  ivhen  running  the  following 
grades :  (1)  Strong  rag  cartridges,  (2)  netvs,  (3)  fine  printings, 
(4)  blottings,  (5)  thin  sulphite  caps  ?  State  your  reasons  in  each 
case.  (25.) 

Answee  6. — (1)  Lower  breast  roll  |  of  an  inch.  (2)  Not  to 
be  lowered  or  raised.  (3)  Lower  breast  roll  ^  to  f  of  an  inch. 
(4)  Not  to  be  lowered  or  raised.    (5)  Lower  about  |  an  inch. 

Remarks. — The  general  principle  of  lowering  and  raising  the  breast  roll 
depends  on  the  softness  of  the  stuff.  Thus,  to  get  a  strong  rag  cartridge  well 
closed  and  put  together,  it  would  be  advisable  to  lower  the  breast  end  of  the  frame 
about  \  of  an  inch,  in  order  that  a  good  well  of  water  and  stuff  may  be  formed, 
just  where  the  action  of  the  shake  will  have  the  most  effect  in  lacing  the  fibres 
together.  For  free  stuffs,  such  as  news,  which  is  apt  to  part  with  water  only 
too  easily,  there  is  hardly  any  necessity  to  lower  the  breast  roll  at  all,  and  the 
same  applies  to  "  blottings,"  M'hich  are  usually  very  "  free,"  although  so  thick. 

Fine  printings  are  usually  prepared  by  fine  beating,  and  thus  hold  the  water 
Avell,  and  in  order  to  get  additional  water  in  so  as  to  obtain  a  close  even  sheet  the 
breast  is  generally  lowered. 

With  thin  sulphite  caps  running  at  a  high  speed  the  fibres  are  inclined  end  on, 
thus  causing  the  paper  to  be  stronger  when  torn  across  the  webb.  The  breast  is 
generally  lowered  to  obviate  this. 

It  is  somewhat  difficult  to  follow  the  argument,  but  I  trust  I  have  made  it 
clear.  It  appears  that  the  breast  is  lowered  for  two  reasons,  either  to  get  the 
water  out  or  to  enable  one  to  put  more  water  in.  Since  putting  more  water  in 
implies  necessarily  taking  more  out,  the  result  is  very  much  the  same  in  both 
cases. 

Question  7. — State  exactly  how  you  ivoidd  treat  for  conversion 
into  half-stuff  new  cotton  pieces,  new  linens  {grey),  Manilla  ropes, 
and  broJce  from  tub-sized  tvritings.  (30.) 
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Answer  7. — New  cotton  pieces,  unless  quite  free  from  dress, 
should  be  treated  in  a  spherical  boiler  with  "  malt  extract "  equal 
to  to  3  lbs.  of  malt  per  cwt.  of  rags,  at  a  temperature  of  160° 
Fahr.  until  all  starch  is  converted  into  sugar.  The  liquor 
is  drawn  off  and  the  mass  washed  with  hot  water,  so  as  to 
thoroughly  remove  the  sugar  before  bleaching.  The  new  pieces 
are  thoroughly  bleached  with  bleaching  powder,  to  which  a  little 
vitriol  is  added,  then  broken-in  in  ordinary  3-cwt.  breaker  for 
four  hours.  They  should  be  washed  for  the  first  two  hours  of 
the  beating. 

New  linens  (grey)  should  be  boiled  for  eight  hours  with  3  to 
4  per  cent.  NaHO,  so  as  to  thoroughly  soften  the  shieve.  Washed 
in  boiler  whilst  emptying.  Washed  subsequently  through  revolv- 
ing rag-washer,  &c.  Broken-in  in  3-cwt.  breaker  four  hours. 
Washed  first  two  hours  of  treatment.  Bleached  in  steeping  tank 
with  3  per  cent,  bleaching  powder  solution. 

Manilla  ropes  must  be  chopped  up  and  boiled  in  lime — 10  to 
20  per  cent,  lime — for  15  hours.  Washed  in  washer  fitted  with 
stone  bedplate. 

Broken  tub-sized  papers  must  be  boiled  with  water  alone  for 
the  removal  of  gelatine,  and,  when  thoroughly  softened,  they  can 
be  put  direct  into  breaker.  Some  makers  prefer  to  grind  them 
in  kollergang  or  pass  them  through  cone  breaker,  and  use  them 
afterwards  for  thickening  up  beaters. 

EEMAitKs. — The  above  mode  of  treating  new  pieces  is  far  preferable  to  treat- 
ment in  water  or  weak  soda.  (For  full  description  see  "Treatment  of  New 
Pieces,"  Beadle,  Papermakeh.)  The  sugar  must  be  removed  before  bleach,  or 
it  decomposes,  leaving  stuff  bad  colour. 

New  linen.  (For  further  description  see  "Treatment  of  Rags,"'  Beadle, 
Papermaker.) 

Manilla.— A  stone  bedplate  will  giye  the  maximum  strength  of  fibre  as  the 
material  is  gradually  drawn  and  bruised,  and  not  "  cut."  Soda  should  never  be 
used  for  boiling  papers  (except  in  minute  quantities  to  prevent  boiler-plate  from 
"  pitting  "),  as  it  lowers  the  colour  of  paper  by  decomposing  the  gelatine. 

Grey  linens  must  have  a  vigorous  treatment  with  soda  to  soften  "shieve." 

Question  8. —  What  materials  would  yon  use  for  the  produdmi 
of— (I)  netvs,  (2)  fine  tvritiiigs,  (S)  E.  S.  prmtrngs,  (4)  blotting s  ? 
State  the  proportions  of  each  material  you  ivould  consider  necessary 
to  give  good  results.  (25.) 

Answer  8.^ — (1)  75  per  cent,  of  mechanical  wood,  15  per  cent, 
of  chemical  wood,  10  per  cent,  of  china  clay.  (2)  60  per  cent, 
of  cotton  rags,  40  per  cent,  of  linen  rags,  and  sized  with  5  per 
cent,  gelatine.    (3)  20  per  cent,  bleached  sulphite,  40  per  cent. 
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nubleached  sulphate,  40  per  cent,  of  white  shavings  (12  to  15  per 
cent.  clay).  (4)  Entirely  of  cotton,  with  a  little  starch,  but  no 
sizing  material. 

Remarks. — Of  course,  the  composition  of  news  varies  according  to  quality, 
the  better  class  containing  more  chemical  wood.  Fine  writings  vary  almost  in- 
definitely in  composition,  but  the  best  are  made  from  rags  sized  with  gelatine. 
Engine-sized  printings  used  formerly  to  be  made  of  esparto,  with  about  20  per 
cent,  of  broke,  and  no  doubt  some  mills  make  them  so  still  where  the  price  will 
admit,  but  the  tendency  is  to  replace  esparto  with  wood  pulp.  In  some  cases 
bleached  soda  pulp  is  used,  in  other  cases  unbleached  sulphite,  also  bleached 
sulphate  and  white  shavings.  News  will  not  carry  more  than  10  per  cent,  of 
clay  economically,  as  it  is  too  thin  to  hold  it. 

Question  9. — Define  specific  gravity.  What  is  the  weight  of  7 
gallons  of  a  .wlution  of  1 1°  Ttv.  ?  Talcing  sfecific  gravity  of  celhdrse 
equal  1-50  and  of  china  clay  equal  275,  ivhat  is  the  exact  effect  of 
20  per  cent,  loading  on  the  specific  iveight  of  a  paper.  (20.) 

Answer  9.— Specific  gravity  is  an  expression  of  the  number 
of  units  of  weight  in  units  of  volume  ;  water  being  taken  as  I'O. 

The  weight  of  7  gallons  of  a  solution  of  11°  Tw.  is — 

7  X  10  X  1000  +  (11  X  5)  ^^3.3^  ^^^^ 
1000 

The  specific  weight  of  the  paper  in  question  must  be  increased 
by  the  addition  of  20  per  cent,  of  china  clay.  The  clay  not  only 
adds  to  specific  weight  of  the  paper  from  the  fact  that  it 
possesses  a  greater  specific  gravity  than  the  cellulose,  but  also 
because  it  occupies  the  interstitial  spaces,  and  does  not  "  bulk  " 
the  paper.  The  exact  specific  weight  cannot  be  determined  unless 
we  know  the  specific  weight  of  the  said  paper  without  the  addition 
of  20  per  cent.  clay. 

Eemarks. — We  must  first  arrive  at  the  specific  Aveight  of  a  cellulose  paper 
containing  no  clay  before  we  can  state  what  the  specific  weight  would  be  on  the 
addition  of  20  per  cent.  clay.  Neither  the  specific  gravity  of  the  fibres  or  of  the 
clay  will  afford  us  the  necessary  data. 

Let  us  take  an  instance. 

Cut  a  square  from  the  paper  in  question  just  50  mm.  by  50  mm.,  and  deter- 
mine its  thickness  by  means  of  a  micrometer,  and  its  weight  in  grammes  on  a  sensi- 
tive balance.    In  the  present  instance  the  thickness  is  ^^^^  of  an  inch,  and  is 

equal  to or  0-150  mm. 

In  order  to  arrive  at  the  bulk  occupied  by  the  piece  of  paper  in  question,  we 
must,  of  course,  multiply  50  X  50  X  O'loO  =  375  mm.  or  375  cm. 

"We  know  that  one  cubic  centimetre  of  water  weighs  one  gramme. 

AVe  also  know  that  0-375  cubic  centimetre  of  the  paper  in  question  weighs 
0-415  gramme. 


58 


The  specific  weight  of  the  paper  is  got  by  dividing  the  weight  of  the 
volume. 

=  I'll  the  specific  weight  of  paper  without  clay. 

What  would  be  the  specific  weight  of  the  above  paper  if  20  per  cent,  clay  is 
added. 

This  is  very  simple  to  calculate. 

The  paper  without  clay  weighs  Ml  gramme  for  every  cubic  centimetre  of 
bulk. 

The  paper  containing  clay  is  to  have  the  composition  cellulose  80  per  cent., 
clay  20  per  cent. 

Clay  does  not  add  to  the  bulk. 

These  are  the  simple  facts  to  guide  us. 

The  proportion  of  cellulose  to  clay  is  as  four  pounds  to  one.  To  add  the  clay 
we  must  add  one  quarter  on  to  the  weight  of  the  cellulose.  To  arrive,  therefore, 
at  the  specific  weight  of  the  clay  paper,  we  have  merely  to  add  one  quarter  ou  to 
the  specific  weight  of  the  paper  containing  no  clay.    Thus  :  — 

Ml  +        =  1-39 
4 

The  exact  effect  in  this  instance  is,  therefore,  the  raising  of  the  specific  weight 
of  the  paper  in  question  from  1-11  to  1-39  by  the  addition  of  20  per  cent,  of 
clay. 

Specific  weight  as  above  expressed  must  not  be  confused  with  specific  gravity. 
Tliere  is  no_  diflaculty  in  ascertaining  what  would  be  the  exact  effect  upon  the 
specific  gravity  of  paper  with  figures  given  in  the  question.  We  have,  as  above 
explained,  four  parts  of  cellulose  of  specific  gravity  1-5  for  every  one  part  of  clay 
of  specific  gravity  2 'To. 

1-  5   X  4  =  6-0 

2-  75  X  1  =  2-75 

5)8-75 
1-75 

The  specific  gravity  of  the  paper  in  question  must  be  1-75. 

It  is  evident  that  specific  gravity  is  intended  in  the  question.  It  is  to  be 
hoped  that  in  future,  if  the  examiners  set  a  similar  question,  they  will  define  what 
is  meant  by  specific  weight.  I  take  it  to  mean  weight  per  unit  "of  actual  tulk  by 
measurement,  which  is  quite  another  thing  to  specific  gravity.  In  this  case  the 
answer  I  have  given  in  answering  the  question  is  about  all  that  can  be  said  ou  the 
subject  in  the  way  of  an  actual  answer  to  the  examiners. 

Question  10. — State  the  type  of  heating  engine  you  would 
adopt  for  the  preparation  of  stoclc  for  (1)  stronghooTc  papers,  (2)  esparto 
printings,  (3)  Uottings,  (4)  sulphite  casings.  Give  also  the  horse- 
2)0 wer  required  for  a  A-cwt.  heater  in  each  case,  and  the  amount  of 
coal  necessary  to  make  and  dry  one  ton  of  each  grade  on  the  machine. 
(30.) 

Answer  10.— (1)  The  Hollander  type.    (2)  The  Coburn 
Taylor.    (3)  The  Hollander  type.    (4)  Hibbert's  patent  beater. 
Power  for  4-cwt.  beater  :  The  Hollander  type  when  beating 
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strong  rags  will  take  from  30  to  40  horse-power.  Esparto 
printings  will  require  about  25  to  30  horse-power.  Blottings 
will  require  about  30  to  35  horse-power.  Sulphite  casings  will 
require  about  25  horse-power. 

Under  up-to-date  conditions,  one  ton  of  stock  should  be  made 
into  paper  with  10  to  12  cwt.  of  coal  (steam  for  machine-engine 
and  drying  only  of  course).  Wet  stuff  is  much  more  difficult  to 
dry,  and  uses  more  steam  owing  to  being  dried  more  slowly,  in 
order  to  get  an  even  sheet. 

The  following  do  not  include  steam  used  for  tub-sizing  and 
drying :  Book  papers,  12  to  14  cwt.  of  coal  per  ton  of  paper. 
Esparto  printings,  10  to  12  cwt.  coal  per  ton  of  paper.  Blottings, 
10  cwt.  coal  per  ton  of  paper.  Sulphite  casings,  10  to  12  cwt. 
coal  per  ton  of  paper. 

Eemarks. — A  great  difference  of  opinion  exists  on  the  subject  of  beaters  for 
various  purposes.  There  is  nothing  like  the  old-fashioned  Hollander  for  beating 
rags  such  as  are  used  for  book  papers. 

The  Coburn  Taylor  patent  beater  gives  very  good  results  for  esparto  printings, 
but  in  some  instances  is  not  to  be  recommended  for  rag  stuff,  owing  to  liability  of 
circulating  fan  to  become  choked. 

The  old  Hollander,  with  sha,rp  lackle  and  rapid  treatment,  is  the  best  for 
blottings. 

Hibbert's  beater  has  the  advantage  over  the  Hollander,  in  that  it  admits  being 
filled  with  stiffer  stuff,  and  the  circulation  still  remains  good,  but  it  has  the 
drawback  that  it  does  not  take  the  dry  sheets  of  sulphite  wood  very  well,  whereas 
the  Hollander  does  so  without  any  trouble. 

Question  11. — What  are  the  icaste  products  from  a  rag  mill 
{fine  ivritings),  an  esparto  mill  {fine  printings),  a  soda  wood  {half- 
stuff),  and  sulphate  icood  {half -stuff  )  ?  Which  of  these  are  treated 
for  recovery  of  usef  id  products,  and  ivhat  are  final  tvastes  ?  (30.) 

Answer  11. — 

Rag  Mill. 

Eag  dust  from  dusters. 
Wash-water  from  rag  boiling. 
"  Lint "  from  rotary  rag  washers. 

Short  fibres  from  "saveall"  from  wash-water  of  breakers. 

Sediment  from  backwater. 

Residues  from  caasticising  and  bleach  mixing. 

"  Shoddy  "  from  rags,  bagging,  &c. 

Wash-water  from  bleaching. 

Knotter  stuff. 

Fat,  bones,  and  oil,  from  sizemaking. 
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Esparto  Mill. 
Esparto  liquor  from  boiling. 
Dirty  wash-water  from  final  washing. 
Roots  and  untreated  particles  picked  out. 
Mineral  matter,  &c.,  in  backwater. 
Charred  mass  from  lixiviating  recovered  soda. 
Bleach  and  causticising  residues. 
Dust  from  dusting  dry  grass. 
Wash-water  from  bleaching. 
Knotter  stuff. 

Soda  Wood  Mill. 
Soda  liquor  from  boiling. 

Bleach  liquor  residue  and  causticising  residue.  •  " 

Wash-water  from  breaking  in  and  bleaching. 
Black  ash  waste. 

Sulphate  Wood  Mill. 

Barks  and  knots. 

Bleach  liquor  residue.  » 

Waste  sulphite  liquors. 

Wash- water  from  breaking  and  bleaching. 

Eag  Mill. 

Rag  dust  used  for  manufacture  of  felt  hats,  and  the  dirtier 
kind  used  by  florists  as  a  fertiliser  for  certain  plants. 

Lint  contains  long  fibres,  but,  on  account  of  dirt,  can  only  be 
used  for  low  quality  papers. 

Bones  and  oil  from  size  sometimes  sold  ;  latterly  used  for 
manure. 

Short  fibres  from  "  saveall  "  contain  dirt,  and  can  only  be  used 
for  low-quality  paper,  but  the  short  fibre  from  the  cleanest  and 
best  rags  can  be  used  in  better  quality  paper  if  kept  separate. 

Shoddy  from  rags  sells  sometimes  for  as  much  per  cwt.  as  was 
paid  for  the  rags  from  which  they  were  picked. 

Bagging  available  for  papermaking. 

The  other  waste  products  in  a  rag  mill  are  of  no  use. 

Esparto  Mill  (fine  printing). 

Esparto  liquor  must  be  treated  for  recovery  of  soda  to  make  ' 
process  pay.    90  per  cent,  of  soda  is  recoverable,  and  is  used 
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over  again.  Final  waste  is  black  ash  residue  and  sludge  from 
causticising  ash. 

Mineral  matter  sometimes  settled  out  and  put  into  lower 
quality  paper. 

Other  waste  products  are  thrown  away. 

Soda  Wood  Mill  (half -stuff). 

The  same  products  are  recovered  as  with  esparto. 
The  residue  from  black  ash  treatment  has  been  found  available 
for  electric  light  carbons. 

Sulphate  Wood  Mill. 

Waste  sulphite  liquors  rule,  thrown  awav. 

The  organic  matter  can,  however,  be  precipitated  by  adding 
lime.  This  has  been  used  as  a  sizing  material  in  paper,  and  as  a 
precipitant  for  animal  size.  It  can  also  be  used  for  sticking 
purposes.  The  liquid  has  recently  been  recovered  as  a  fine 
dry  powder,  and  has  been  used  as  a  "  weight  giver "  in  coarse 
textiles. 

Remakks. — This  appears  to  be  the  form  iu  which  the  answer  should  be  given. 
The  answer  does  not  call  for  any  comments. 

Question  12. — Describe  the  method  of  imparting  a  '■^  ivater 
finish,^''  and  discuss  the  merits  of  "  water-finished''''  as  com'pared  ivith 
su'per-calendered  pa.])er.  (20.) 

Answer  12. — The  "  water  finish "  is  produced  by  causing 
water  to  flow  on  to  the  calender  roll  in  such  a  way  that  the 
roll  will  bring  it  in  contact  with  the  paper  under  the  "  nip." 
The  idea  was  first  developed  in  America,  and  is  much  used  there 
for  the  thick  box-making  and  label  papers.  The  surface  obtained 
is  more  even  and  closer  than  can  be  got  from  the  super-calender, 
and  the  feel  of  the  paper  is  much  more  silky.  The  process  can 
be  carried  out  much  cheaper  by  fitting  water-doctors  to  existing 
stacks  of  rolls,  but  it  requires  a  lot  of  study  and  attention  to 
details,  in  obtaining  the  web  at  the  proper  degree  of  dryness,  to 
ensure  uniform  results. 

Question  13. —  What  systems  are  used  in  practice  for  deeding 
with  the  fibres  which  find  their  way  into  the  various  luaste  waters  of 
the  mill  ?  (25.) 

Answer  13. — 

(1)  Otto  Schmidt  stuff  catcher. 

(2)  Ordinary  revolving  conical  saveall. 
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(3)  Roeckner's  patent  clarifier. 

(4)  Wilson's  patent  automatic  self-cleansing  filter. 

(5)  Grreig's  patent  filtering  apparatus. 

(6)  Reeve's  patent  filter. 

(7)  The  Warren  filter. 

(8)  The  Dervaux  water  purifier. 

(9)  Johnson's  and  other  filter-presses. 

(10)  Large  precipitation  tanks, 

Eemarks.— 1,  2,  3,  8,  and  9  can  be  used  where  it  is  desired  to  re-utilise  the 
fibres  for  papermaking. 

4,  5,  6,  7,  and  10  are  used  for  the  purpose  of  clarifying  effluents,  where 
the  small  amount  of  fibre  caught  is  of  no  value. 


IX. 


ANSWERS  TO  THE  QUESTIONS  AND  EXPLANATORY 
NOTES. 

HONOURS  GRADE. 
1901. 

Question  1.^ — Examine  very  ccwefuUij  and  in  all  respects  the 
position  of  esparto  as  against  ivood  celluloses.  Forecast  their  future 
relative  positions  in  this  country,  and  give  your  opinion  as  to  how 
far  this  depends  upon  price,  and  how  far  on  intrinsic  paper  making 
quality.    (30  marks.) 

Answer  1. — The  position  of  esparto  as  compared  with,  the 
wood  celluloses  is  a  somewhat  complex  one.  Esparto  comes  into 
this  country  in  its  raw  state,  and  is  manufactured  into  pulp, 
whereas  wood  pulp  comes  into  this  country  in  its  manufactured 
state,  and  is  no  longer  manufactured  here.  Esparto  is  converted 
in  the  mill  where  it  is  to  be  made  into  paper,  whereas  wood  is 
chiefly  treated  close  to  the  sources  of  supply.  Esparto  is  par- 
ticularly prized  for  a  certain  class  of  printing  and  illustration, 
publishers  and  printers  of  this  country  much  preferring  it  to  any 
form  of  wood  fibre  for  the  purpose. 

The  general  opinion  now  is  that  esparto  should  not  be  used 
for  manufacturing  paper  of  a  lasting  nature.  Bleached  esparto 
is  a  form  of  oxy-cellulose,  and  is  in  time  oxidised  and  destroyed 
by  atmospheric  influences.  It  is  more  susceptible  of  change  than 
well-prepared  chemical  wood  pulp,  but  less  so  than  mechanical. 
England  is  the  great  consumer  of  esparto,  probably  on  account 
of  its  early  and  successful  introduction  into  this  country.  Pub- 
lishers having  once  acquired  a  taste  for  esparto  papers  are  slow 
in  adopting  paper  made  from  other  materials,  especially  as  they 
find  that  it  suits  the  public  taste  of  this  country. 

That  esparto  is  not  an  essential  ingredient  of  such  papers  is 
proved  by  the  practice  of  other  countries.  In  the  States  the 
papermakers  use  poplar  fibre  in  place  of  esparto.  With  the  im- 
proved manipulation  of  wood,  and  a  judicious  choice  of  fibre 
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to  suit  specific  requirements,  English  papermakers  will  in  time 
place  themselves  in  an  independent  position  in  regard  to  esparto, 
and  the  use  of  it  or  not  will  depend  entirely  upon  economic 
considerations. 

The  two  great  factors  of  cost  are — the  price  delivered  of  the 
grass  and  the  cost  of  chemical  treatment.  It  may  happen  that 
esparto  grass  is  down  in  price,  and  yet  the  pulp  is  expensive  to 
produce  on  account  of  the  high  price  of  caustic  soda  and  bleaching 
powder. 

Taking  for  the  sake  of  simplicity,  the  average  yield  of  fihre  at 
50  per  cent.,  the  average  consumption  of  caustic  at  10  per  cent., 
and  of  bleaching  powder  at  15  per  cent,  on  the  weight  of  grass 
treated.  With  grass  at  £4,  caustic  at  £11,  and  bleach  at  £7,  we 
can  easily  arrive  at  the  cost  per  ton  of  finished  fibre. 

Cost  per  ton  of  treated  grass  for — 

£     s.  d. 

Raw  material,  2  tons  at  £4    8    0  0 

Caustic  4  cwts.  at  lis   2    4  0 

Bleach  6  cwts.  at  7s   2    2  0 

12    6  0 

In  -cases  where  recovery  of  soda  is  effected,  allowance,  of 
course,  must  be  made.  A  sum  must  be  added  to  the  above  for 
general  charges,  including  all  such  items  as  fuel,  labour,  rent, 
interest,  depreciation,  &c.,  in  connection  with  the  plant  used 
in  the  conversion  of  grass  into  bleached  pulp.  Such  charges, 
of  course,  depend  upon  local  conditions,  and  vary  largely  in 
different  localities.  The  cost  so  arrived  at  must  be  corrected 
from  time  to  time,  with  a  change  in  the  market  prices,  &c., 
before  we  can  compare  the  price  of  esparto  with  the  market  price 
of  such  a  material  as  American  poplar.  If,  of  course,  the  general 
equipment  of  the  mill  was  for  esparto  treatment,  the  disposition 
would  be  to  make  esparto  pulp  as  far  as  possible.  On  the  other 
hand,  many  modern  mills  are  not  laid  down  for  esparto  treatment, 
and  so  cannot  add  esparto  to  their  papers. 

My  opinion  is  that  esparto  will  always  be  used  in  this  country, 
but  only  in  as  much  as  it  can  compete  against  a  certain  class  of 
wood  pulp.  The  demand  will  largely  depend  upon  the  market 
price  of  caustic  and  bleach.  The  use  of  it  will  be  chiefly  in  those 
mills  especially  equipped  for  the  purpose,  and  where  its  treatment 
is  well  understood.  A  restriction  of  supply  can  only  within 
certain  limits  raise  the  price,  as  its  use  beyond  a  certain  limit 
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of  price  would  be  discontiuued  in  favour  of  wood.  Wood  has 
a  slight  preference  for  printing  paper  required  of  a  lasting  nature, 
but  if  this  country  follows  the  excellent  example  of  Germany, 
wood  and  esparto  will  be  eliminated  altogether  from  the  best 
writing  and  book  papers,  and,  consequently,  esparto  as  well  as 
wood  will  be  relegated  to  papers  of  a  different  class. 

Eemarks. — Tliis  question  is  largely  a  matter  of  opinion.  What  the  future 
will  bring  forth  no  one,  not  even  the  wisest,  can  foreshadow  with  any  degree  of 
certainty.  Some  such  answer  as  the  above  is  evidently  what  is  expected  by  the 
examiners.  The  figures  I  have  given  for  chemical  treatment  are  a  pure  supposi- 
tion. This  should  not  affect  thf>  value  of  the  answer,  as  it  represents  correctly 
the  mode  of  arriving  at  the  cost  for  comparison  with  chemical  wood.  The 
examiners  would  probably  think  more  of  the  answer  if  the  conclusions  are  logical. 
Students  should  stick  to  the  point  when  answering  a  question,  and  not  wander 
from  it.  All  irrelevant  matter,  however  correct  it  may  be  in  itself,  does  not  add 
to  the  value  of  an  answer. 

Question  2. — Hoiv  would  you  equip  a  mill  to  turn  out  100 
tons  of  news  and  50  tons  of  E.S.  ivritings  per  week  ?  Oive  your 
reasons  for  the  adoption  of  any  special  appliances.  (30.) 

Answbe  2. — We  start  on  the  assumption  that  the  news  is 
manufactured  from  mechanical  wood,  sulphite  wood  pulp,  clay, 
and,  of  course,  sized  with  rosin,  and  would  contain  a  certain 
portion  of  "shavings  "  and  "  broke." 

We  should  require  to  have  the  following  plant : — 

Two  revolving  boilers  for  softening  sulphite,  mechanical  wood, 
and  papers,  as  required. 

Two  kollergangs,  or  if  moist  mechanical  is  to  be  used,  then 
two  disintegrators ;  one  of  each  would  doubtless  be  sufficient,  but 
to  assure  a  regular  supply  of  uniform  stuff  it  would  be  advisable 
to  have  two  of  each. 

Two  of  Hibbert's  patent  beaters,  10  cwt.  capacity  each. 

One  Marshall  refining  engine. 

The  usual  sizing  and  alum  plant. 

The  paper  machine  should,  of  course,  be  an  up-to-date  "  news  " 
machine,  120  inches  wide,  fitted  with  the  latest  improvements, 
such  as  Marshall  train,  Fullner  backwater  plant,  &c. 

Two  good  "  slitting  "  and  "  winding  "  machines,  and  the 
usual  finishing  house  appliances. 

For  the  E.S.  writings  the  following  would  be  required  : — 

One  revolving  boiler  for  soaking  white  shavings. 

One  poacher.    Capacity,  10  cwt.  of  dry  stuff. 

One  koUergang  or  disintegrator. 

Five  Coburn  Taylor  beaters,  7  cwt.  capacity. 
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One  Marshall  refiaing  engine. 

One  9 2-inch  paper  machine,  fitted  with  the  latest  improve- 
ments, such  as  water  doctors  and  calender  rolls,  Marshall  train, 
Fullner's  backwater  plant,  spray  damping  arrangement,  &c. 

One  super-calender. 

One  single-sheet  cutter. 

One  revolving  angle  cutter. 

Gruillotine,  &c. 

I  have  ignored  the  laying  out  of  mill  for  the  treatment  of 
esparto,  although  esparto  is  largely  used  in  engine-sized  writings. 
The  tendency  is,  however,  to  replace  esparto  by  wood,  and  by  so 
doing  an  enormous  saving  of  cost  is  effected,  vomiting  boilers, 
evaporating  plant  and  recovery  plant  being  dispensed  with.  I 
should  mention  that  the  plant  given  above  for  E.S.  papers  is 
based  on  the  assumption  that  the  furnish  is  sulphite  wood  pulp 
and  white  shavings. 

The  steam  boilers  should  be  28  feet  long  by  8  feet  diameter, 
of  the  Lancashire  type,  and  fitted  with  Galloway  tubes  and 
economisers  ;  they  should  be  placed  near  driving  engine  so  as 
to  avoid  loss  by  radiation  or  sharp  bends. 

IIemarks. — The  engiue  shoiild  be  au  up-to-date  type  of  the  taudem  type, 
coudeusing,  of  course.  It  should  work  Avith  from  2.|  to  3  lbs.  per  horse-power 
per  hour.  (Many  makers  of  engiues  claim  to  do  Avith  less  than  this,  but  it  is 
seldom  realised.)  The  coal  consumed,  of  course,  is  dependent  upon  the  quality 
used,  as  well  as  the  general  evaporative  efficiency  of  the  boilers.  It  would  bo 
best  to  state  that  the  engine  should  work  with  a  consumption  of  20  lbs.  of  steam 
per  horse-power  per  hour ;  by  so  doing  one  leaves  out  of  the  question  the  quality 
of  the  fuel,  &c.  "With  an  evaporative  efficiency  of  8  lbs.  of  water  per  lb.  of 
coal,  and  allowing  for  radiation,  an  engine  requiring  20  lbs.  of  steam  per  horse- 
power per  hour  would  consume  somewhere  between  2J  and  3  lbs.  of  coal  per 
horse -poAver  per  hour. 

In  the  Avorking  up  of  white  shavings  a  machine  such  as  Cornet's  cone  breaker 
is  preferred  by  many  to  a  kollergaug. 

For  the  E.S.  machine  one  roA'olving  boiler  Avould  be  sufficient,  as  the  two  on 
the  noAvs  side  could  be  Avorked  Avith  it,  and  it  would  be  used  mostly  for  soaking 
the  Avhite  shavings. 

One  poacher  is  considered  sufiicient  for  bleaching  the  AA'ood  pulp,  as  bleached 
Avoodi  pulp  can  be  obtained  comparatively  cheap,  and  it  is  often  therefore  better 
to  buy  bleached  pulp. 

It  is  advisable  at  the  beginning  of  the  answer  to  state  on  Avhat  the  estimate 
is  based,  then  to  follow  on  Avith  a  detailed  estimate,  and  finally  to  give  reasons 
for  the  adoption  of  certain  appliances. 

Question  8. — tState  what  you  hioiv  of  the  systems  for  wood 
jni'p  manufacture  hiown  as  the  "  Dreivsen  Drocnfeldt "  processes, 
and  discuss  the  adcan  fayes  claimed.  (20.) 

Answer  3. — -In  this  system  soda  bisulphite  is  used  in  place 
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of  calcium,  or  magnesium  bisulphites  for  treating  wood.  The 
liquor  is  calcined  after  use,  and  the  recovered  soda  is  a  mixture, 
suitable  direct  for  the  production  of  soda  wood. 

The  process  of  V.  B.  Drewsen  consists  of  heating  with  lime 
under  pressure,  yielding  calcium  monosulphide  (with  sulphate  and 
the  lignone  complex  in  insoluble  form).  The  sulphite  is  redissolved 
as  bisulphite  by  treatment  with  sulphurous  acid. 

Remarks. — An  account  of  these  processes  has  recently  been  published  in 
Continental  journals. 

For  further  information,  see  also  "Researches  on  Cellulose,"  by  Cross  & 
Bevan  (Longmans,  Green  &  Co.) 

Question  4. — How  many  tons  of  cmiI  would  you  expect  to  use 
■per  iveek  in  the  mill  referred  to  in  Question  2  f  State  the  proportion 
you  would  use  in  each  department,  assuming  that  tfie  motive  power 
is  steam  tJironghout.  (25.) 

Answer  4. — The  Hibbert  beaters  would  take  50  horse- 
power per  hour  for  10  cwt. 

The  Coburn  Taylor  30  to  40  horse-power  per  hour. 

The  Marshall  engine  would  not  take  much  power,  as  the  cone 
should  be  touching  very  shghtly,  while  the  disc  should  be  pretty 
well  up. 

The  machine  engines  should  be  compound  condensing,  and 
should  run  from  2\  to  f>  lbs.  of  coal  per  horse-power  per  hour. 

The  coal  consumed  over  all  would  amount  from  30  to  35  cwts. 
per  ton  of  paper  produced,  but  the  amount  of  finishing  by  super- 
calender  would  cause  a  variation  from  time  to  time,  about  100  to 
120  tons  being  used  to  the  production  up  to  the  machines. 

The  consumption  of  coal  for  the  manufacture  of  machine  and 
drying  on  cylinders  would  amount  to  about  half  a  ton  per  ton  of 
paper  produced.  The  balance  to  make  up  the  30  cwts.  to  35  cwts. 
would  be  used  in  final  operations. 

Coal  has  an  evaporative  performance  of  8  lbs.  of  steam  pei 
pound  of  water. 

Remarks. — This  is  a  question  on  -which  there  might  be  great  difference  of 
opinion.  The  idea  of  gauging  the  power  required  in  the  consumption  of  so  much 
coal  per  ton  of  paper  is  a  very  loose  one,  since  coals  differ  so  much  in  evaporative 
efficiency.  The  student  should  acquaint  himself  with  the  relative  heat  values  of 
difierent  fuels,  and  should  state  the  class  of  coal  he  has  in  his  mind  when  giving 
such  figures.  He  could  hardly  be  blamed  for  not  doing  so,  however,  since 
authorities  publishing  figures  frequently  do  not  state  the  heat  value  of  their  coal. 
Hence  endless  confusion  and  difference  of  opinion  on  such-like  subjects. 

The  best  work  to  enlighten  the  student  on  the  subject  of  fuel,  &c.,  is 
<<A  Manual  of  Rules  and  Tables,"  by  D.  K.  Clark,  published  by  Blackie 
&  Son,  Ltd, 


68 


Question  5. — You  are  given  an  unknown  fibrous  material, 
and  are  required  to  determine  its  suitaMlity  as  a  raiv  material  for 
jmpermalcing  ;  state  exactly  how  you  tvould  do  this,  and  on  tvhat 
main 'points  you  tvould  base  your  estimate  of  value  ?  (25.) 

Answer  5. — Determine  percentage  of  ash  by  burning  1  gram 
until  weight  of  ash  is  constant.    (J^ote  colour  of  ash.) 

])etermine  moisture  by  drying  at  212°  Fahr.  until  weight 
is  constant  ;  weighing  must  be  done  in  tube.  Determine  the 
cellulose  by  the  following  method  : — 

Boil  in  dilute  alkali  until  fibre  is  softened. 

Wash  and  expose  to  chlorine  gas  for  several  hours,  in  beaker, 
which  should  be  kept  cool  by  surrounding  with  cold  water. 
(Note  whether  fibre  is  changing  in  colour  in  chlorine.) 

Wash  chlorinated  fibre  to  free  from  HCl,  and  place  in  weak 
solution  of  neutral  sulphite  of  soda.  (Note  whether  magenta 
colour  is  developed.)  After  one  hour  boil  solution  until  colouring 
matter  is  dissolved. 

Wash  with  hot  water. 

Bleach  with  weak  solution  of  sodium-hypochlorite.  If  cellu- 
lose is  not  white,  give  further  treatment  in  chlorine  gas  or  in 
bromine  water  ;  but  be  careful  that  treatment  does  not  injure 
fibre.  Then  repeat  treatment  with  sulphite ;  wash,  bleach, 
wash,  acidify  with  acetic  acid,  dry  at  212°  Fahr.,  and  weigh  in 
weighing  tube.  The  weight  calculated  on  the  air-dry  original 
gives  the  percentage  of  cellulose. 

Note  the  general  appearance  and  character  of  the  cellulose. 
Examine  cellulose  under  microscope,  and  note  how  near  it  ap- 
proximates to  one  or  other  of  the  various  fibres  in  common  use 
for  papermaking. 

From  the  microscopic  characteristics  can  be  judged,  in  a  large 
measure,  the  relative  value  of  this  cellulose  in  comparison  with 
other  materials. 

If  sufficient  material  is  available,  treat  1000  grammes  in  5000 
grammes  caustic  soda  liquor  in  a  small  spherical  revolving  boiler. 
The  strength  of  soda  must  be  carefully  ascertained  by  titration 
at  commencement,  and  care  must  be  taken  throughout  the  treat- 
ment that  no  steam  is  allowed  to  escape,  thus  altering  the  liquor 
in  strength.  Boil  at  100  lbs.  pressure,  and  draw  off  at  intervals 
of  an  hour  small  samples,  which  test  for  free  alkali.  When  the 
free  alkali  remains  constant  discontinue  boiling  ;  carefully  wash 
boiled  pulp,  taking  care  that  no  fibre  is  lost. 

Dry  and  weigh  pulp  at  212°  Fahr.  ;  this  weight  gives  the 
percentage  of  unbleached  pulp  on  original  weight  of  fibre.  Let 
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the  pulp  become  air-dry  by  long  exposure  to  air,  and  until  it 
no  longer  gains  weight ;  weigh  pulp,  and  calculate  percentage 
of  air-dry  pulp  on  raw  material ;  this  is  the  figure  that  should  be 
taken  for  commercial  purposes. 

From  the  analysis  of  the  liquor  you  know  exactly  the  per- 
centage of  soda  neutralised  during  the  boiling.  For  the  purpose 
of  final  analysis  of  liquor,  the  liquor,  together  with  all  the 
washing,  is  made  up  to  a  known  volume,  and  the  "free"  and 
"total"  soda  are  carefully  determined.  The  difference  is  the 
soda  combined  and  used  up  by  the  fibre. 

The  original  amount  of  soda  added  is  known.  We  can  easily 
calculate  the  weight  of  soda  consumed,  and  then  see  what  per- 
centage this  bears  to  the  original  weight  of  the  fibre  treated. 

We  should  now  conduct  another  boiling  trial,  adding  soda 
slightly  in  excess  of  that  found  to  be  "  consumed  "  in  the  first 
trial.  The  extent  to  which  this  soda  should  be  diluted  must 
depend  upon  the  condition  of  the  raw  fibres,  and  must  be 
left  *to  the  discretion  of  the  observer.  The  same  pressure  is 
applied  (unless  there  is  good  reason  to  suppose  that  a  higher 
or  lower  pressure  would  be  advantageous  from  the  general  appear- 
ance of  the  first  treated  lot).  Samples  are  again  drawn  off  every 
hour,  and  the  boiling  continued  until  no  further  neutralisation 
of  soda  takes  place.  The  rest  of  the  treatment  should  be  con- 
ducted as  in  previous  trial.  The  calculated  percentage  of  pulp 
should  be  near  that  of  first  trial. 

The  cellulose  should  now  be  determined  in  a  small  portion  of 
the  bone-dry  boiled  pulp,  and  should  not  be  less  than  90  per  cent. ; 
the  ash  should  also  be  determined  in  unbleached  pulp. 

A  portion,  say  half  of  one  of  the  boilings,  should  be  carefully 
weighed  and  then  treated  with  successive  quantities  of  bleach 
solution,  equal  to  5  per  cent,  of  dry  bleaching  powder  at  a  time. 
One  quantity  should  exhaust  itself  before  another  is  added.  Any 
excess  of  bleach  remaining  after  the  colour  no  longer  shows  im- 
provement should  be  determined  and  deduction  from  the  total 
added  before  calculating  the  bleach  consumed  by  fibre. 

A  second  bleaching  experiment  should  be  done  as  a  check, 
adding  just  the  equivalent  of  bleach  found  to  have  been  consumed 
in  first  trial.  The  bleached  pulp  is  washed,  acidified,  washed, 
dried,  and  weighed,  and  then  exposed  to  air-dry.  Bleached  pulp 
should  be  calculated  upon  the  original  raw  fibre  boiled.  The  ash 
of  bleached  pulp  should  be  determined. 

Put  some  of  bleached  pulp  in  beater,  beat  carefully,  and  make 
into  paper  on  hand-mould,  with  or  without  clay,  alum,  starch,  &c. 
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Take  stuff  from  known  mill  furnish,  and  make  also  into  hand 
sheets,  under  the  same  conditions  as  far  as  possible. 

Compare  the  relative  strengths  and  other  physical  qualities. 
The  stulf  of  known  furnish  will  produce  paper  on  machine  of 
known  qualities  ;  from  this  we  can  form  some  rough  judgment 
of  what  might  be  expected  from  the  fibre  under  examinatioD. 

Note  the  comparative  shrinkage  of  the  sheets,  the  comparative 
felting  qualities,  and  such-like  qualities. 

From  the  foregoing  work  one  can  form  a  very  fair  estimate 
of  value.  Ceteris  parabus  the  raw  material  would  be  in  the  long 
run  more  valuable  in  proportion  as  the  consumption  of  chemi- 
cals, &c.,  and  treatment  was  small,  the  ease  with  which  it  can  be 
manipulated,  the  cleanliness  of  the  pulp,  &c.  The  length 
of  the  fibres,  the  whiteness  and  purity  of  the  fibre,  and  also 
general  utility  and  adaptability  are  judged  from  the  quality  of 
paper  it  produces. 

It  should  be  ascertained,  if  possible,  how  much  bulk  a  given 
weight  of  raw  fibre  will  occupy.  If  bulky  the  freight  will  be 
high,  and  possibly  preclude  its  use. 

In  fibres  of  low  yield  and  consuming  a  large  amount  of 
chemicals,  the  cost  of  chemical  treatment  per  ton  of  finished  stuff 
is  often  so  high  as  to  condemn  the  material  for  industrial  use,  no 
matter  even  if  the  resulting  cellulose  is  of  excellent  quality,  and 
the  raw  material  Jiad  for  the  asking. 

Such  considerations  as  these  must  be  weighed  with  the  greatest 
care  in  estimating  the  value  of  any  material  for  the  purposes  of 
paper  manufacture. 

Remarks. — There  is  a  Idt  condensed  into  the  above  answer,  perhaps  more 
than  wonld  be  expected  from  the  student.  I  would  commend  the  details  to  tbe 
reader's  careful  consideration,  as  there  is  no  published  work  setting  forth  this 
information,  and  it  is  an  important  subject  to  the  paper-mill  chemist. 

Question  6. — In  what  dejjarlments,  if  amy,  of  the  mill  do  you 
consider  that  the  electric  motor  can  le  siiccessfiiUy  substituted  for 
the  steam  engine  f    State  your  reasons  fully. 

Answer  6.  —  Glazing  calenders,  guillotines,  plate  -  glazing 
rolls,  enamelling  plant,  and  all  machines  that  are  run  inter- 
mittently. 

Electric  motors  are  particularly  applicable  in  the  instances 
above  cited.  They  are  also  useful  in  those  parts  of  a  mill  where 
comparatively  little  power  is  required,  and  where  it  is  difficult  to 
convey  steam  power.  The  motors  must,  however,  be  kept  in  a 
clean  and  dry  place,  and  should  be  boxed  in  to  keep  them  free 
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from  dusb  and  dirb.  They  are  furthermore  useful  for  driving 
fans  for  the  ventilation  of  buildings,  especially  m  maccessible 
places. 

Eemarks.— In  connection  with  this  question  the  student  would  do  well  to 
consider  the  cost  by  means  of  transmission  through  electric  conductors,  and  recon- 
version into  power,  as  compared  with  the  cost  of  transmitting  power  by  means  ot 
a  o-iven  line  of  shafting,  belting,  &c.  With  the  electric  current  we  have  hrst  the 
los^s  sustained  by  conversion  of  power  into  electricity,  then  the  loss  through  the 
resistance  of  the  conductor,  and  finally  the  loss  by  converting  the  electricity  back 
into  the  power  again.  One  has  also  to  consider  the  question  of  prime  cost  as  well 
as  practical  adaptability.  In  many  instances  it  is  not  possible  to  lead  a  Ime  of 
shaftinn-  to  a  given  spot,  whereas  there  need  be  no  difficulty  in  fixing  a  wire  and 
erectiul  a  sma?l  motor.  The  power  may  further  be  transmitted  by  laying  a  steam 
pipe  to  a  given  spot.  In  this  case  we  have  the  question  of  radiation  along  the 
steam  pipe  to  take  into  consideration.  This  question  on  the  whole  is  worthy  ot 
every  consideratiou  and  study,  ,.         j.         •  j.  •  • 

Electrically  driven  pumps  can  be  worked  automatically  for  maintaining  a 
giyen  head  of  water,  such  as  for  supplying  tanks  on  high  buildings  where  a  con- 
stant head  of  water  is  required.  The  pumps  automatically  start  and  stop  and  so 
keep  the  tanks  supplied  without  requiring  attention.  The  transmission  of  power 
by  electric  current  is  particularly  adaptable  to  mills  dependmg  upon  water  power. 

Question  l.^Whcd  do  you  consider  the  special  requirements  of 
vcmers  for  (1)  parchmentis'ing,  (2)  converting  into  nitro-celMose, 
(3)  Qitmtifative  chemical  work  (filter  papers),  (4)  for  mahng  paper 
loivls,  (5)  for  litho  and  general  fine  printing,  (6)  for  cartridges 
(7)  fo7-  ivater-colour  drairings,  (S)  for  cable  insulation'^  In  each 
case  state  the  composition  of  half-stuff  you  u'ould  take  in  making 
the  paper.  (25.) 

Answee  7.— (1)  Originally  made  of  cotton  and  linen,  but 
well-treated  straw  in  conjunction  with  rag  or  even  chemical  wood 
will  do.  If  the  parchmentising  effect  is  to  pass  right  through 
the  sheet  no  sizing  material  must  be  used,  but  if  superficial  treat- 
ment only  is  required,  as  is  sometimes  the  case,  the  paper  must  be 
sized  more  or  less  with  rosin. 

(2)  Made  after  the  manner  of  copying  papers,  but  must 
contain  only  well-treated  cotton  and  no  size,  fibre  long  ;  a  little 
starch  is  permissible  ;  there  must  be  freedom  from  grit.  Weight 
low,  10  to  20  grammes  per  square  metre. 

Nitro-cellulose  used  for  special  purposes  other  than  for  explo- 
sives has  been  prepared  from  well-treated  esparto  stock. 

(3)  Cotton  and  linen  stock,  chiefly  cotton.  Tender  stuff 
rapidly  beaten  with  sharp  knives  after  the  manner  of  making 
blottino-s.  Greatest  care  must  be  taken  to  keep  free  from  con- 
tamination. Ash  removed  by  treatment  with  hydrochloric  and 
hydrofluoric  acids.    Made  on  the  machine  so  as  to  "  bulk  well. 


72 


must  be  absolutely  free  from  sizing  material,  alum,  &c.  Should 
be  kept  from  contact  with  iron  during  manufacture.  A  little 
starcli  is  permissible. 

(4)  Strong  unbleached  sulphite  pulp,  drawn  out  with  blunt 
tackle  so  as  to  work  wet  and  give  great  strength,  and  mixed  with 
ingredients  shown  as  under. 

(5)  Surface  and  bulk,  and  so  shrunk  as  to  show  close  register 
in  successive  printings.  Fine,  even  surface,  often  enamelled. 
White  opaque,  super-calendered. 

(6)  Carefully  drawn  out  sulphite  pulp  with  mineral  and  rag 
fibre.    All  unbleached  or  partially  bleached.    Rosin  sized. 

(7)  Mixture  of  cotton  and  linen,  wavy  surface,  bleached  stuff, 
but  not  whitened  with  blue.  The  best  is  hand-made,  sized  with 
gelatine,  pressed  and  kept  in  stock  for  many  years  to  improve 
"  tooth  "  of  paper.  The  paper  must  be  neutral,  and  consequently 
rnust^  be  finished  with  no  more  alum  than  is  necessary  for  the 
gelatine.  All  chemical  residue  should  be  removed  by  carefully 
washing  the  stock.  Paper  must  not  be  greasy  to  the  brush,  but 
firm  and  hard,  and  must  expand  as  little  as  possible  when  wetted 
with  colours.  Machine-made  drawings  are  now  more  in  use  than 
formerly  ;  these  are  made  somewhat  like  cartridge  paper,  but 
from  rags,  and  gelatine  sized.  The  character  of  surfaces  is  got 
by  means  of  special  felts  ;  except  for  very  best  work,  machine-made 
drawings  will  suffice.  To  save  expense  in  the  drawing-office, 
ordinary  cartridge  paper  is  sometimes  made  to  do  service  for 
drawing  paper.  Whatman's  drawing  paper  of  certain  dates  are 
specially  prized  by  some  leading  artists  for  the  character  of  tooth 
which  these  papers  possess,  which  they  say  they  have  never  seen 
imitated. 

(8)  Made  from  strong  manilla,  beaten  out  long  with  dull 
tackle  and  worked  wet  to  give  great  strength,  sometimes  mixed 
with  unbleached  sulphite.  Colour  no  object.  Well-sized  with 
rosin.  Must  resist  moisture  as  far  as  possible.  Strong  un- 
bleached sulphite  will  do  for  inferior  stuff.  * 

(1)  60  per  cent,  cotton  |  or,  60  per  cent,  straw. 

40      „      linen   (     40      „      chemical  wood. 

(2)  100  per  cent,  cotton. 

(3)  100  „ 

(4)  20       „       unbleached  sulphite. 
10       ,,      rosin  size. 

70        „      glutenous  matter  containing  peat, 
10  parts  of  alum  added  and  three  parts  of  starch  to  harden 
mass. 
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(5)  60  per  cent,  short-fibre  bleached  soda  wood. 
20      „       bleached  sulphite. 

20      ,,  mineral. 

(6)  40      „       unbleached  linen  or  sulphite. 
40      ,,  „  cotton. 

20      „  mineral. 

(7)  40      „  cotton. 
60      ,,  linen. 

(8)  40      „       unbleached  manilla. 
40       „  „  sulphite. 
20      „       jute,  partially  bleached. 

3  parts  of  rosin. 

Eemabks. — For  composition  of  blotting!?,  see  Abstracts  of  papers  contained  in 
Society  of  Arts  Eeport  upon  tlie  Deterioration  of  Paper. 

There  are  many  receipts  for  paper  bowls,  but  the  above  is  one  which  has,  I 
believe,  been  extensively  used. 

I  have  given  above  a  recipe  for  paper  bowls  (hand-bowls),  but  it  occurs  to 
me  that  calender-bowls  may  be  intended.  For  the  latter  purpose  new  cotton 
black  rags  without  chemical  treatment  are  occasionally  used,  but  perhaps  the 
best  paper  is  one  made  from  unbleached  hemp  and  possessing  a  peculiar  perma- 
nent stretch  when  passed  through  the  fingers. 

Closeness  and  water  resistance  are  the  great  things  with  cable  paper.  The 
paper  must,  of  course,  be  a  good  insulator  of  electricity,  and  rosin,  of  course, 
tends  to  this. 

Question  8. — Given  10  tons  of  Spanish  esparto  of  an  average 
quality,  lioio  ivould  you  proceed  to  make  an  "  art "  paper  such  as  is 
used  for  high-class  magazine  ivorhf  State  fidly  the  practiced  details 
to  he  observed  in  each  of  the  various  processes  from  the  duster  to  the 
finishing  house,  giving  a  tabulated  statement  of  the  duration  of  each 
process  and  the  percentage  of  the  various  chemiccds,  including  loading 
and  sizing,  also  the  amount  of  finished  paper  you  would  expect  to 
produce.  (30.) 

Answee  8. — The  esparto  is  first  of  all  opened  up  and  passed 
through  a  "  willow."    It  then  passes  over  an  endless  belt,  and  is 
hand-picked.    The  "  willowing  "  and  "  hand-picking  "  will  result 
in  a  loss  of  6  per  cent. 

The  willow  dust  contains  the  following : — 

Water  ...       ...       ...       ...      6*2  per  cent. 

Organic  matter         ...       ...    64"6  „ 

Mineral     „    29-2  „ 

The  organic  matter  contains  90  per  cent,  of  cuticular  rosins 
and  waxes.  The  mineral  matter  consists  for  the  most  part  of 
silica,  chiefly  derived  from  sand  and  dirt,  and  forms  no  part  of 
the  grass  itself.    The  following  are  particulars  of  boiling  : — 
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Weight  of  charge      ...       ...       ...  ...  50  cwt. 

Gallons  of  caustic  lye  per  charge     ...  ...  1570 

Pounds  of  60  per  cent,  caustic  per  gallon  ...  501) 

Total  pounds  of  60  per  cent,  dry  caustic  ...  900 

Maximum  steam  pressure     ...       ...  ...  20  lbs. 

Time  under  pressure  ...       ...       ...  ...  2h  hours. 

Yield  of  unbleached  pulp  (air-dry)  ...  ...  44  per  cent. 

Yield  of  bleached  pulp  (air-dry)      ...  ...  40  „ 

The  boiling  is  conducted  in  a  vomiting  boiler. 

The  cooked  grass  is  washed  by  a  special  process,  such  as  that 
of  Cornett's,  so  as  to  obtain  the  liquor  in  a  concentrated  form 
ready  for  evaporation.  Time  of  washing,  24  hours.  By  this 
slow  process  the  fine  fibres  are  retained. 

The  grass  is  next  bleached  with  10  to  12  per  cent,  bleaching 
powder. 

Time  of  bleaching,  four  hours.  The  mass  is  heated  to 
accelerate  the  action,  but  care  must  be  taken  not  to  heat  too 
much. 

Sometimes  the  pulp  is  passed  through  strainers  and  over  a 
"  presse-pate  "  before  bleaching,  but  as  the  "  presse-pate  "  wires 
are  now  made  to  withstand  the  action  of  the  bleach,  this  opera- 
tion can  be  done  after  the  bleaching.  The  "  presse-pate  "  removes 
the  greater  bulk  of  the  bleach  liquor,  and  the  strainer  retains  the 
knots  and  untreated  portions.  Any  dirt  escaping  the  strainers 
can  be  picked  out  by  hand.  The  stuff  is  now  furnished  to  the 
beater,  and  a  little  antichlor  added  if  necessary.  The  stuff  is 
beaten  rapidly  so  as  to  work  "  free."  To  the  furnish,  at  the  close 
of  the  beating,  is  added  5  per  cent,  long  rag  fibre,  treated  in 
another  beater.  25  per  cent,  of  mineral  can  be  added  on  the 
weight  of  dry  stock,  and  the  whole  is  sized  with  2  to  3  per  cent, 
of  rosin  and  alum.  The  size  is  added  not  only  to  size  the 
paper,  but  to  assist  in  retaining  the  mineral.  To  keep  the 
mineral  in  the  paper  it  is  sometimes  added  to  the  rosin  size.  It 
is  very  necessary  that  the  paper  should  be  free  from  grit  and  dirt. 

Paper  of  the  above  furnish  would  equal  about  50  per  cent, 
the  weight  of  raw  grass  taken.  For  the  purposes  of  a  modern 
"  art "  paper  the  web,  after  passing  the  drying  cylinders,  is 
enamelled  by  means  of  a  brush  machine.  The  paste  supplied,  to 
the  paper  contains  barium  sulphate,  calcium  sulphate,  and  a  pro- 
portion of  liquid  glue.  This  treatment  adds  to  the  finished 
weight  of  the  paper  to  the  extent  of  15  to  20  per  cent.,  the 
finished  weight  being  from  5|  tons  to  6  tons  of  dry  paper  for 
every  10  tons  of  Spanish  esparto  grass. 
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The  broke,  made  at  tlie  machine,  and  during  the  enamelling 
process,  is,  after  disintegration,  returned  to  the  beaters. 

With  the  very  best  plant  'JO  per  cent,  of  the  soda  can  be 
recovered  from  the  waste  esparto  liquors. 

Remakks. — If  the  paper  is  heavily  enamelled  it  should  carry  less  clay  in  the 
furnish.  If  lightly  enamelled,  it  should  carry  more  clay.  The  amount  of  rosin 
required  is  partially  dependent  upon  the  amount  of  clay  added.  With  heavily 
enamelled  papers  the  colour  of  the  paper  before  enaraelliug  is  not  material,  as  the 
coating  of  enamel  alone  is  visible  after  treatment.  If,  therefore,  a  blue  paper  is 
wanted  for  the  cover  of  a  journal,  the  blue  is  added  to  the  enamel  and  not  to  the 
paper  furnish.  The  conditions  of  boiling  are  practically  those  given  by  Beveridge. 

Question  9. — Examine  thoroughly  the  question  of  engine-sizing 
with  rosin  and  alum.  Give  your  view  of  the  mode  of  action  of  the 
size,  both  in  the  engine  and  in  the  paper.  Give  practical  recommen- 
dations for  preparing  and  using  the  rosin  size.  (25.) 

Answer  9. — Eosin  sizing  is  resorted  to  either  as  a  substitute 
for,  or  in  conjunction  with,  gelatine,  where  it  is  not  necessary 
that  the  paper  should  be  very  hard  sized. 

It  is  used  alone  on  printing  papers  and  in  conjunction  with 
gelatine  in  low  and  medium-class  writings.  It  is  commonly  known 
as  engine-sizing,  as  the  operation  is  generally  performed  in  the 
engine,  and  to  distinguish  it  from  "tub"  or  gelatine  sizing.  In 
the  latter  the  size  was  formerly  contained  in  a  tub,  into  which 
the  hand  sheets  were  dipped. 

Eosin,  or  colophonium,  is  obtained  from  the  sap  of  firs  and 
pines  by  a  process  of  purification.  It  contains  a  mixture  of  sub- 
stances of  the  nature  of  acids.  Their  properties  will  be  more 
fully  described  later. 

Eosin  combines  with  metallic  oxides  to  form  salts,  in  which  it 
plays  the  part  of  an  acid.  These  salts  are  called  resinates.  In 
the  case  of  the  alkalies  the  resinates  are  soluble  in  water,  forming 
soapy  solutions.  These  are  known  as  the  "  soaps  of  rosin."  The 
resinates  of  the  other  metals  are  mostly  insoluble  in  water.  Eosin 
is  considered  by  Dr.  Wurster  to  be  represented  by  the  formula 
CooH^oOa,  which  is  equivalent  to  a  molecular  weight  of  302.  It 
begins  to  soften  at  120°  Fahr.  and  melts  at  170°-200°  Fahr.,  and 
contains  about  10  per  cent,  of  water. 

Eosin  size  is  made  by  boiling  rosin  broken  up  (preferably 
powdered)  with  caustic  soda,  soda  crystals,  or  soda  ash,  dissolved 
in  water.  The  operation  is  performed  in  an  iron  copper  heated 
by  a  steam  coil.  The  reaction  that  takes  place  may  be  represented 
by  the  following  equation  : — ■ 

2C2oH,„0,  +  NaoCOg  =  2C2oH2902Na  +  GO  +  H,0. 
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During  the  heating,  carbonic  acid  is  given  off,  and  resinate  of 
soda  and  water  are  formed.  According  to  the  above  equation, 
100  parts  of  rosin  would  require — 

17" 5 4  parts  of  soda  ash. 
10'26  parts  of  sodium  oxide. 

One  part  of  sodium  oxide  would  equal  9-746  parts  of  rosin,  or 
1  part  of  soda  ash  would  equal  5"7  parts  of  rosin. 

There  are  two  reasons  why  these  proportions  are  not  adhered 
to  in  practice.  (1)  The  rosin  always  contains  moisture,  and  (2) 
the  best  size  is  considered  generally  to  be  that  which  contains 
"  free  "  rosin. 

If  we  take  the  moisture  at  10  per  cent.,  in  order  to  produce  a 
neutral  size  it  would  be  necessary  to  use — 

1  of  soda  ash  to  ^    ^o^^^^^^  ~        parts  of  rosin. 

After  a  large  number  of  trials  I  used  1  of  "  soda  ash"  to  7*65  of 
rosin,  whicli  gives  a  soap  containing  a  considerable  amount  of 
"free"  rosin,  and  one  which  will  keep  well,  and  on  dilution  will 
form  a  clear  milky  solution. 

The  following  is  a  good  recipe  for  making  : — 

1,300  lbs.  of  rosin. 
170  lbs.  of  soda  ash. 
200  gallons  of  water. 

The  boiling  will  have  to  be  continued  for  about  seven  hours. 
Just  before  the  finish  the  volume  should  be  made  up  to  225  gallons, 
which  is  best  done  by  having  a  mark  on  a  stick,  which,  when 
held  vertically  in  the  solution  and  resting  on  the  bottom,  corre- 
sponds to  225  gallons. 

Ten  gallons  of  such  solution  contain — 

58  lbs.  of  rosin. 
7*6  lbs.  of  soda  ash. 

The  solution  is  a  dark  treacly  liquid  when  hot,  and  can  be  filtered 
through  fine  wire  gauze  to  free  it  from  particles  of  dirt.  It 
becomes  opaque  on  cooling,  owing  to  the  separation  of  "  free  " 
rosin.  After  long  standing  some  liquor  separates  out,  which 
contains  most  of  the  colouring  matter  originally  contained  in  the 
rosin,  and  some  "  free  "  soda. 

The  following  is  an  analysis  of  some  size  made  after  the  above 
recipe  : — 
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Combined  rosin    40-59  per  cent,  by  weight. 

Free  rosin   14-37     „  „ 

Combined  soda    6-72  „ 

Free  soda   1-34  „ 

The  specific  gravity  was  foand  to  be  from  1-11  to  1-13.  One 
gallon  can  therefore  be  taken  as  11-2  lbs.  As  the  size  contains 
54*96  per  cent,  of  total  rosin  by  weight,  one  gallon  contains — 

11-2  X  54-96 


100 


=  6-14  lbs.  of  rosin 


For  every  100  parts  of  rosin  26-1  parts  are  free.  It  will  be  seen 
from  the  above  that  the  size  contains  both  "free"  soda  and 
"free"  rosin.  It  is  possible  that  dissociation  takes  place  on 
cooling,  but  it  has  not  yet  been  proved  to  be  the  case. 

The  i-ed  liquor  which  separated  out  of  the  size  was  found  to 
be  alkaline,  and  to  contain  rosin. 

Its  specific  gravity,  1-0425. 

It  contained  1-03  per  cent,  rosin  and  2*7  per  cent,  soda. 

The  liquor  should  be  thrown  away,  as  it  is  of  a  dark  colour, 
and  contains  very  little  rosin. 

It  will  be  noticed  that  the  amount  of  soda  used  in  the 
foregoing  recipe  is  insufficient  to  saponify  the  whole  of  the 
rosin,  and  yet  the  analysis  shows  that  the  size  contains  free  soda. 
I  am  of  opinion  that  no  amount  of  boiling  would  induce  the 
whole  of  the  soda  to  enter  into  combination,  even  if  the  rosin 
be  largely  in  excess.  Further,  that  it  would  be  necessary  to  have 
a  large  excess  of  soda  to  ensure  that  the  whole  of  the  rosin  is 
in  combination.  It  follows,  then,  that  size  made  according  to 
recipes  which  vary  somewhat  from  that  which  I  have  given, 
contains  both  "  free  "  soda  and  "  free  "  rosin. 

Size  which  contains  free  rosin  when  diluted  with  water  forms 
a  white  milky  solution,  from  whence  it  receives  the  name  of 
"  white  size."    The  solution  is  called  "  milk  of  rosin." 

When  the  whole  of  the  rosin  is  in  combination  as  resinate 
of  soda,  so  that  on  dilution  it  forms  a  clear  brown  transparent 
solution,  it  is  called  "brown  size." 

Wyatt,  in  his  excellent  paper  on  "  Sizing  Paper  with  Rosin," 
gives  a  recipe  for  the  manufacture  of  brown  size,  the  amount  of 
soda  being  that  theoretically  necessary  to  just  saponify  the  whole 
of  the  rosin.  I  have  good  reasons  to  believe  that  this  pro- 
portion would  not  pro  luce  a  brown  size,  as  it  would  probably 
show  on  analysis  both  "free"  rosin  and  "free"  soda.  Wyatt 
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states  that  it  is  not  advisable  to  have  more  than  20  per  cent,  of 
the  rosin  in  the  free  state,  as  it  is  difficult  to  dilute  the  milk 
without  some  of  the  rosin  appearing  as  flocculent  particles,  which 
affect  the  appearance  of  the  finished  paper. 

That  which  I  have  found  to  give  the  best  results  contained 
as  much  as  2G  per  cent,  of  the  rosin  in  the  free  state.  It 
seems  that  he  assumes  that  the  whole  of  the  soda  is  in  com- 
bination with  rosin,  and  that  the  difference  represents  the  free 
rosin. 

Brown  size  may,  for  some  reasons,  be  preferred  to  white  size. 
It  is  certainly  more  easy  to  manipulate,  and  it  is  improbable  that 
any  spots  of  rosin  should  find  their  way  into  the  paper.  White 
size  has,  however,  the  advantage  of  requiring  less  alum  to 
precipitate  it. 

The  milk  of  rosin  should  contain  from  one  to  two  pounds 
of  size  per  gallon ;  it  is  advisable  to  dilute  this  further  before 
adding  it  to  the  beater. 

Some  papermakers  prefer  to  add  the  alum  before  the  size, 
as  it  prevents  frothing  in  the  beater.  It  is  best,  in  order  that  the 
size  may  be  thoroughly  incorporated  with  the  pulp,  that  the  size 
be  added  first,  so  that  it  may  thoroughly  penetrate  the  fibres.  If 
the  alum  be  added  first,  the  size  is  likely  to  be  precipitated  away 
from  the  pulp.  As,  however,  the  sizing  effect  is  generally 
acknowledged  to  be  due,  not  to  resinate  of  alumina,  but  to  "  free  " 
rosin  which  melts  during  the  passing  of  the  paper  over  the  drying 
cylinders,  the  order  in  which  these  ingredients  are  added  may  not 
be  of  so  much  importance.  I  would  prefer,  however,  to  add  the 
size  before  the  alum,  as  I  think  it  likely  that  a  greater  proportion 
of  the  rosin  is  retained  by  the  pulp.  By  the  use  of  a  large  amount 
of  rosin  in  the  pulp  the  paper  is  rendered  brittle,  and  lowered 
in  colour.  One  great  object  is,  then,  to  produce  the  greatest 
possible  sizing  effect  with  the  least  amount  of  rosin. 

When  alum  or  sulphate  of  alumina  is  added  to  the  rosin-size 
contained  in  the  pulp,  so  that  it  is  just  neutral  to  litmus,  resinate 
of  alumina  and  sulphate  of  soda  are  formed  thus — 

6C.2oH2902Na  -f  A1,3(S04)  =  3Na,S04  +  (G.^o^.^b^^- 

Nearly  all  the  rosin-sized  papers  I  have  examined  have  been 
found  to  be  acid  to  litmus  ;  and  on  comparing  the  amount  of  alum 
actually  used  in  practice  with  that  indicated  by  the  above  equation, 
it  is  often  as  much  as  eight  times  that  necessary  to  form  resinate 
of  alumina,  and  is  seldom  below  four  times.    In  almost  all  cases 
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I  conclude  the  reaction  which  really  does  take  place  is  as 
follows  — 

6C2oHaO,I^a  +  3AL3(S04)  +  3H,0  =  GCoHgoO^+AlSO^+SNa^SO^. 

This  equation,  after  making  allowance  for  10  per  cent,  of 
moisture  in  the  rosin,  and  50  per  cent,  of  moisture  in  commercial 
sulphate  of  alumina — 

Rosin  :  sulphate  of  alumina  :  :  670  :  686. 

A  correction  must,  however,  be  made  (1)  for  the  free  rosin 
in  the  size,  which  of  course  requires  no  alum  ;  (2)  for  the  soda 
in  combination  with  rosin. 

The  above  equation  supposes  that  the  soda  is  in  combination 
as  resinate  of  soda,  and  makes  no  allowances  for  any  free  rosin  or 
free  soda  present  in  the  size,  1  part  of  sodium  carbonate  being 
equal  to  57  parts  of  rosin. 

Supposing  the  size  used  is  made  according  to  the  recipe  given, 
and  that  the  composition  is  the  same  as  that  given  above,  we  can 
easily  calculate  the  ratio  of  rosin  to  sulphate  of  alumina — 

(1)  By  equation:  1  lb.  of  rosin  equals  -^  =  1-024  lbs.  of 

670 

commercial  sulphate  of  alumina. 

(2)  By  equation  also  :  after  assuming  that  the  rosin  contains 
10  per  cent,  of  moisture,  1  lb.  of  soda  ash  is  equal  to  6-33  lbs.  of 
rosin. 

(3)  By  analysis  :  1  lb.  of  soda  ash  is  found  to  be  equal  to 
7-61  lbs.  of  rosin.    Therefore  1  lb.  of  rosin  would  be  equal  to 
1-024  lbs.  X  6-33     ^.^^^        ,  •  i     i     .    ^  /  • 
 -^Tg^           =  0  852  lb.  of  commercial  sulphate  of  alum  ma. 

It  will  be  found,  however,  in  practice  this  quantity  of  sulphate 
of  alumina  is  very  much  exceeded,  and  for  obvious  reasons. 

As  the  treatment  that  the  raw  material  undergoes  is  throughout 
an  alkaline  one,  except  in  a  few  instances,  we  would  naturally 
expect  that  the  pulp  has  a  tendency  to  be  alkaline.  The  alkalinity 
of  the  pulp  varies  considerably,  and  depends  upon  the  amount 
of  chemical  treatment  the  material  has  received,  but  more  espe- 
cially upon  the  extent  to  which  the  chemicals  used  have  been 
removed  by  washing.  The  pulp  should  give  but  a  slight  basic 
reaction  if  it  has  received  a  thorough  washing  in  the"  breaker. 
Sometimes  the  bleaching  is  conducted  in  the  beater,  and  the 
excess  of  bleach  has  to  be  "  antichlored."  Both  the  bleach  and 
antichlor  used  are  strongly  alkaline,  and  render  the  palp  distinctly 
basic.    The  hardness  of  the  water  is  another  cause  of  alkalinity. 
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Before  the  size  can  be  properly  precipitated  by  the  alam,  it  is 
necessary  that  the  bases  present  in  the  pulp  should  be  neutralised. 

Sulphate  of  alumina  acts  on  the  carbonate  of  lime  contained 
in  the  water  converting  it  from  "temporary  "  into  "  permanent  " 
hardness  ;  that  is,  from  carbonate  to  sulphate,  thus— 

SCaCOa  +  A1.,3S04  =  CaSO,  +  A1.,(0H)6  +  600, 

Carbonic  acid  is  given  ofiP  and  hydrate  of  alumina  is  precipitated. 
The  weight  of  water  in  the  chest  is  about  twenty  times  that  of 
the  dry  stuff.  If  we  know  the  number  of  degrees  of  temporary 
hardness  and  the  weight  of  stuff  in  the  chest,  we  can  calculate  the. 
amount  of  alum  required  per  ton  of  paper  to  neutralise  the 
alkalinity  due  to  the  water.  In  one  case,  in  which  30  lbs.  of 
soap  had  been  added  per  ton  of  paper,  the  amount  of  sulphate 
of  alumina  consumed  per  ton  was  as  follows  : — 

Sulphate  of  alumina. 

„^  „  ^  .  ,  (20°  Tw.  solution. 
30  lbs.  of  soap  required    {  13-0  gaUons.  

Water  in  chest,  &c.,  equal  7,000    I  ^q.^  gallons 
gallons,  required         ...       ...    '  ^ 

In  another  case  the  consumption  was  accounted  for  as 
follows  : — 

20°  Tw.       Sulphate  of  alumina, 
sulphate  of    Percentage  consumed 
Per  ton  of  paper.  alumina.         of  total  put  in. 

7  gals,  of  rosin  size    6-88  gals.    ...    15-3  per  cent. 

30  lbs.  of  soap   4-55  ,,      ...    10-1  ,, 

7,000  gals,  of  water    20-45  ,,       ...    45-5  ,, 

Sulphate  of  alumina  in  excess  ...    13-12  ...    29-1  ,, 


Total  sulphate  of  alumina       45-00  100-0 

This  shows  that  of  the  sulphate  of  alumina  used,  only  15  per 
cent,  was  required  by  the  rosin  size.  After  making  allowance 
for  the  curd-soap  and  alkalinity  of  the  water,  more  than  a  quarter 
still  remained  in  excess.  Some  of  this,  but  only  a  small  quantity, 
was  used  up  in  neutralising  the  bases  present  in  the  pulp.  The 
finished  paper  was  found  to  give  an  acid  reaction  to  litmus  :  this 
I  have  always  found  to  be  the  case  with  rosin-sized  papers.  The 
dilution  of  the  alum  is  so  great  that  it  is  only  reasonable  to  expect 
that  more  than  the  calculated  quantity  must  be  added  to  bring 
about  the  precipitation  of  the  size. 

The  action  of  the  alum  upon  curd-soap  is  the  same  as  on  the 
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rosin  size,  forming  an  insoluble  "  soap  "  of  alumina  and  the  fatty 
acid  of  which  the  "  soap  "  is  composed.  These  insoluble  alumina 
soaps  are  often  soft,  and  give  to  the  paper  a  soft  feel.  The 
excess  of  alum  tends  to  make  the  paper  hard,  and  the  rosin  to 
render  it  brittle,  if  present  in  sufficient  quantity ;  the  action 
of  the  soap  has  the  reverse,  and  therefore  a  neutrahsing  effect. 

Remarks. — The  above  has  been  discussed  at  length,  as  the  question  demands 
it,  although  of  course  a  student  would  not  have  time  to  go  into  the  matter  so  fully. 
The  foregoing  sets  forth  ray  views  as  the  result  chiefly  of  my  own  work  and 
experience.  The  student  might  reasonably  be  expected  to  treat  the  question  in 
the  same  spirit.  (For  further  infoi'mation,  see  Beadle,  Papermaker,  1892, 
pages  347,  406,  407,  and  464,  from  which  the  above  answer  has  been  condensed.) 

Question  10. — State  your  opinion  of  the  merit  of  AymandaWs 
improvement  in  the  machine  for  the  impartwig  of  ^'■hand-made'''' 
characteristics  to  the  iveh  in  process  of  formation  on  the  ivire.  Dis- 
cuss the  difficulties  in  the  tvay  of  its  successfid  adoption,  and  state  in 
ivhich  class  of  paper  you  consider  it  will  give  the  best  residts.  (15.) 

Answer  10. — Annandale's  idea  is  to  get  the  fibres  well  mixed 
together.  One  great  drawback  of  machine-made  papers  would  be 
overcome  to  a  large  extent  if  this  method  could  be  applied 
successfully.  Machine-made  paper  tears  more  readily  in  the 
direction  of  the  web  than  across  the  web,  due  to  the  fibres 
arranging  tiiemselves  in  the  direction  in  which  the  machine  is 
running.  In  order  to  arrange  the  fibres  in  all  directions  the 
material  must  be  shaken  equally 'both  laterally  and  longitudinally. 
This  is  possible  on  hand-made  paper,  but  not  on  the  ordinary 
Fourdrinier  machine.  Annandale's  method  requires  a  good  deal 
of  alteration  to  the  machine  to  make  it  workable.  Such  a  pro- 
cess is  desirable  in  the  manufacture  of  high-class  papers  which 
should  expand  and  contract  uniformly  with  changes  of  atmo- 
spheric influences.  It  is  desirable  also  for  paper  used  for 
water-colour  drawings.  ' 

Question  11. — 
Let  A  =  the  area  of  a  sheet  of  pure  cellulose  paper  in  square  centi- 
metres. 

T  =  thickness  of  a  sheet  in  terms  of  centimetres. 

S  =  specific  gravity  of  cellulose. 

W  =  the  u'eight  of  the  sheet  in  grcmm.es. 

W 

What  do  you  talce  to  he  the  meaning  of  the  ex}}ressio7is  -j-jj^ 
A.T.  1 

and  -~-  —  ^  and  hotv  would  you  bring  the  quantities  so  repre- 
sented into  practical  use  in  the  mill  ?  (25.) 


w  . 

Answer  11. —  -^-7^  is  the  weight  in  grammes  per  centimetre, 

the  reciprocal  is  the  volume  in  c.c.  per  gramme  of  the  paper  in 
centimetre. 

The  first  expression  has  some  useful  applications ;  we  take, 
for  instance,  a  sheet  of  blotting  paper,  measuring  50  centimetres 
square,  weigliing  0'450  grammes,  and  having  a  thickness  of 
inch,  when  measured  by  means  of  a  micrometer.    As  25 
millimetres  are  equal  to  one  inch,  the  thickness  of  paper  in  milli- 
15  X  25 

metres  is  as  follows  :  -  ^^^^    =  0"375  millimetres.    The  bulk  of 

this  amount  of  paper,  therefore,  is  as  follows :  50  X  50  x  0*37 
=  925  cubic  millimetres,  or  0'925  cubic  centimetres. 

We  now  know  the  exact  weight  and  bulk  of  the  piece  of  paper, 
from  which  we  can  calculate  the  number  of  grammes  weight  per 

0"450 

centimetre  cube,  by  making  use  of  our  first  formula  q:^^  =  0"48G 

grammes  per  cubic  centimetre. 

The  most  simple  application  of  this  figure  is  to  find  the  weight 
of  a  cubic  foot  of  paper.  We  now  know  the  grammes  per  cubic 
centimetre  of  the  paper  in  question  ;  we  also  know  that  one 
gramme  of  water  is  equal  to  one  cubic  centimetre ;  we  further- 
more know  that  one  cubic  foot  of  water  is  equal  to  G2"5  lbs. 
weight.  All  that  we  have  to  do  now  is  to  multiply  62-5  X  0'486, 
which  gives  us  30-4  lbs.  of  paper  per  cubic  foot. 

By  the  same  method  a  sheet  of  cartridge  paper  is  found  to 
weigh  1*17  grammes  per  cubic  centimetre.  A  cubic  foot  of  this 
would  therefore  weigh  62*5  X  1"17  =  73  lbs. 

This  method  of  procedure  is  useful  in  a  paper  mill  for  taking 
stock  in  the  salle  of  stacks  of  paper  at  stocktaking  time,  and  for 
similar  purposes. 

Eemarks. — By  a  similar  method  we  find  that  a  cubic  foot  of  cliemical  wood 
2)ulp  Aveighs  39  lbs.,  or  that  a  cubic  centimetre  weighs  0'62  grammes.  We  know 
that  the  specific  gravity  of  the  fibre  is  1'5,  which  is  only  another  way  of  saying 
that  1  cubic  centimetre  weighs  1-5  gramme.  The  actual  volume  occupied  by  the 
fibre  itself,  together  Avith  the  volume  of  air  space  surrounding  the  fibre,  can  now 
be  readily  determined.  The  vohmie  occupied  by  the  fibre  is  as  follows : — 
0-62  X  100 

—  =  41*4  per  cent. 

The  air  space,  of  course,  is  the  difference  between  41-4  and  100,  which  is  58-6 
per  cent.    The  bales  of  pulp  consist,  therefore,  as  follows  : — 

Chemical  fibre  by  volume   41-4  per  cent. 

Air  space  by  volume       ...       ...       ...       ...       ...  58"6 
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The  volume  percentage  of  different  papers  affords  us  useful  information. 
AVith  blotting  and  filter  papers  it  gives  us  an  expression  of  absorbent  qualities. 
On  the  other  hand,  when  the  percentage  by  volume  of  fibre  and  other  ingredients 
is  high,  and  consequently  the  percentage  by  volume  of  air  space  is  low,  the  percen- 
tao-e  by  volume  of  solid  ingredients  affords  us  a  direct  expression  of  hardness, 
compactness,  resistance,  &c.  The  influence  of  mineral  matter  upon  the  specitc 
weight  of  a  paper  has  already  been  dealt  with  in  answering  Question  9,  Ordinary 
Grade,  ^ 

I  leave  the  students  to  find  out  for  themselves  the  meaning  of       -  g 

Question  12. — What  instructions  would  you  give  to  the  deater- 
mcm  in  regard  to  washing,  hreaUng  in,  and  heating  of  (1)  Manilla 
ropes  for  strong  cartridge  paper  ;  (2)  soft  cottons  for  superfine  print- 
ings ;  (3)  linen  thread  for  iond  papers  ?  Give  the  percentage  of 
Ueaching  powder  you  woidd  expect  to  use  in  each  case.  (25.) 

Answee  12.— (1)  Manilla  ropes  should  be  washed  well  and 
drawn  out  before  putting  to  bleach  ;  mill  well,  but  do  not  lower 
the  roll  too  rapidly  or  the  fibres  will  be  shortened. 

(2)  Soft  cottons.  Wash  well  for  two  hours  and  until  wash- 
water  is  clear  of  dirt.  The  bleach  must  not  be  added  until  the 
wash-water  is  clear. 

(3)  Linen  thread.  Lower  the  roll  very  slowly  unless  the 
thread  tends  to  roll  up  in  a  bundle  in  front  of  the  roll ;  if  so, 
grip  it  well  until  it  begins  to  open  out ;  ease  off  as  soon  as  it 
begins  to  behave  nicely,  and  keep  fibres  long  and  as  well  milled 
as  possible. 

Manilla  ropes  require  5  to  6  per  cent,  of  bleach  ;  cottons, 
2  per  cent.  ;  linen  thread,  3  to  4  per  cent. 

Question  1  ?y—Give  a  method  for  rapidly  analysing  the  machine 
lacTc-icater  in  regard  to  suspended  fibrous  matter  and  sidphate  of 
alumitia  (^in  solution).  Describe  any  modern  appliances  you  know 
for  separating  suspended fl.hresfrom  waste  ivaters.  (25.) 

Answer  13.— Take  a  given  volume  of  the  back-water  in 
question;  for  instance,  100  c.c,  care  being  taken  that  sample 
is  measured  whilst  all  the  suspended  matter  is  held  up  m  the 
solution.  Place  a  filter-paper  in  an  air  bath  at  a  temperature 
of  105°  Centigrade.  When  paper  is  thoroughly  dry,  weigh  it  in 
a  weighing  tube ;  then  filter  the  back-water  through  the  paper, 
dry  it°at  105°,  and  weigh.  Ignite  on  a  platinum  dish,  and  deduct 
the  amount  of  ash  found  from  the  weight  found  in  suspension. 
The  difference  between  these  two  figures  approximately  represents 
the  fibrous  matter  in  the  back-water.  When  100  c.c.  of  the 
solution  is  taken,  the  weight  found  in  grammes  gives  the 
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percentage  of  dry  fibre  in  solution  without  any  calculation. 
This  figure  divided  by  ten  would  give  the  weight  in  pounds  per 
gallon. 

To  the  filtered  solution  add  a  drop  of  hydrochloric  acid,  boil, 
add  ammonia,  boil  until  the  smell  of  ammonia  has  disappeared, 
filter,  wash,  ignite,  and  weigh  the  precipitate  so  formed.  This 
precipitate  is  alumina.  If  you  are  using  a  sulphate  of  alumina 
containing  16  per  cent,  of  alumina,  you  have  merely  to  multiply 
the  weight  of  the  precipitate  in  grammes  by  seven  to  arrive  at 
the  amount  of  commercial  sulphate  of  alumina  present  in  the 
back-water. 

The  appliances  used  for  separating  suspended  fibres  from 
waste  waters  are  as  follows  : — 

(1)  Otto  Schmidt  stuff-catcher. 

(2)  Ordinary  revolving  conical  "  saveall." 

(3)  Rockner's  patent  clarifier. 

(4)  Wilson's  patent  automatic  self-cleansing  filter, 

(5)  Grreig's  patent  filtering  apparatus. 

(6)  Reeves'  patent  filter. 

(7)  The  Warren  filter. 

(8)  The  Dervoux  water-purifier. 

(9)  Johnson's  and  other  patent  filter  presses. 

(10)  Large  precipitating  tanks. 

1,  2,  3,  8,  and  9  are  used  where  it  is  desired  to  re-utilise  the 
fibres  for  papermaking. 

4,  5,  6,  7,  and  10  are  used  for  the  purpose  of  clarifying 
effluents  where  the  small  amount  of  fibre  caught  is  of  no  value. 

Eemarks.— As  a  rapid  method  is  asked  for  in  this  question,  there  is  uo  good 
in  attempting  to  describe  a  really  acciirate  method  for  the  examination  in°the 
hack-water,  as  any  accurate  method  would  require  a  considerable  time.  Tlio 
suspended  fibrous  matter  caught  on  the  filter  contains,  in  addition  to  fibre,  rosin, 
starch,  «&;c.  To  remove  the  rosin  it  would  be  necessary  to  treat  the  dried  residue 
in  a  fat-extraction  apparatus  with  boiling  absolute  alcohol.  On  redrying  the 
residue,  the  diminution  in  weight  represents  rosin.  Treat  with  weak  acid  and 
again  weigh;  the  starch  is  uow  removed.  If  the  mineral  contained  in  the 
suspended  residue  is  "  pearl  hardening,"  the  acid  will  dissolve  the  mineral  matter; 
if  it  is  clay,  it  will  be  left  behind  with  the  cellulose.  Now  filter  the  solution 
back  into  the  original  filter-paper,  wash  thoroughly  free  from  acid  with  boiling 
water,  dry,  and  weigh  as  before.  The  residue  now  contains  the  fibre,  less  rosin, 
starch,  aud  pearl  hardening,  but  contains  the  clay  if  any  is  present.  Ignite  the 
residue,  deduct  the  weight  of  the  ash ;  the  difference  represents  the  weight  of  the 
fibrous  material.  The  alumina  is  precipitated  by  adding  hydrochloric  acid  aud 
then  ammonia  to  the  original  back-water  as  above  described.  It  is  readily  seen 
that  it  would  not  do  to  determinate  tlie  sulphate  of  alumina  by  estimating  the 
amount  of  sulphate  present,  as  sulphates  are  present  in  the  back-water  from  other 
causes  than  alum  or  sulphate  of  alumina.    They  may  either  be  due  to  the 
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permaneut  hardness  of  the  water  itself,  or  to  the  presence  of  pearl  hardening  in  the 
solution  It  is  safest,  therefore,  unless  we  know  that  sulphates  are  not  present 
in  other  forms,  to  And  out  the  amount  of  sulphate  of  alumina  by  precipitating 
the  alumina.  A  detailed  analysis  of  the  hack-water  can  only  be  carried  out  by  a 
skilled  chemist. 


THE  MANUFACTURE  OF  "ART"  PAPER. 

Question  8  (Honours). 

"  To  the  Editor  of  Papee  and  Pulp. 

"  I  am  sure  all  the  readers  of  your  popular  paper  have 
been  more  than  gratified  at  the  excellent  answers  given  by  Mr. 
Beadle  to  the  questions  on  papermaldng,  and,  while  realising  all 
the  difficulties  in  endeavouring  to  answer  these  questions  in  a 
concentrated  form  without  going  into  details,  there  are  numerous 
portions  of  his  answers  quite  open  to  candid  criticism.  I  intend 
taking  into  consideration  in  this  contribution  Question  No.  8, 
Honours  Grade,  which  is  very  interesting  to  one  and  all  of  us, 
and  I  think  Mr.  Beadle  might  have  given  us  a  httle  more  of 
an  up-to-date  answer  ;  in  fact,  regarding  the  latter  part  of  the 
question,  he  is  painfully  at  sea.  This  I  will  refer  to  later  on. 
Question  8  comprises  two  distinct  branches  of  the  papermaking 
industry— papermaking,  and  the  after-process  of  enamelling.  In 
many  cases  both  industries  are  combined  in  one  factory,  while  in 
others  the  latter  is  a  distinct  concern  altogether.  In  such  cases 
it  will  be  difficult  to  find  a  student  who  would  have  the  oppor- 
tunity of  studying  both  processes,  and  very  little  chance  of  obtain- 
ing information  from  text-books.  In  setting  a  question  like  this, 
the  examiners  ought  to  have  studied  it  out  more  carefully,  as,  to 
a  certain  extent,  it  shows  ignorance  of  the  practical  details  of  a 
process.  This  also  I  will  refer  to  later  on.  I  intend  making  a 
lengthy  contribution  on  this  question,  which  may  assist  those 
who  have  not  opportunities  of  studying  both  processes,  confining 
myself  solely  to  No.  8  Question. 

"  There  are  various  processes  for  the  treatment  of  esparto 
after  boiling,  but  what  I  intend  referring  to  is  one  quite  adequate 
for  the  making  of  paper  suitable  for  enamelling  purposes.  The 
quantity  of  Spanish  esparto  to  be  treated  is  10  tons,  and  this 
we  will  treat  in  four  boilings  of  50  cwts.  each. 

"WiLLOWING,    COMMONLY    CALLED    DUSTING.  —  The  graSS 

duster  of  to-day  consists  of  a  revolving  conical  drum  fitted  with 
spikes,  covered  with  a  casing  of  stout  sheet-iron,  made  easily 
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removable,  and  on  the  top,  inside  this  casing,  is  a  pai-allel  bar 
fitted  similarly  with  spikes.  The  bottom  consists  of  a  dust 
separator  formed  of  wrought-iron  rods  or  grids,  finely  pitched, 
to  which  is  connected  a  dustpan  capable  of  removing  the  dust 
and  grit  .from  the  grasses.  At  the  discharge  end  of  the  duster 
is  a  revolving  rake,  which  delivers  the  grass  to  a  link  chain 
elevator  and  conveyor,  discharging  it  right  into  the  filling  door 
of  the  boiler.  The  bales  of  esparto,  sixteen  to  eighteen  in 
number,  are  arranged  alongside  the  duster,  the  bands  are  re- 
moved, and  the  sheaves  are  fed  into  the  hopper,  where  they  are 
disintegrated  by  the  spikes  of  the  revolving  drum  being  brought 
in  contact  with  the  spikes  in  the  stationary  bar.  To  dust  and 
fill  a  50-cwt.  boiling  of  grass  in  this  manner  does  not  occupy  a 
period  of  more  than  4-0  minutes. 

"  Boiling. — There  are  many  forms  of  grass  boilers,  but  it  is 
a  recognised  fact  that  the  most  suitable  boiler  for  the  treatment 
of  esparto  is  one  of  the  Sinclair  system.  These  boilers  use  less 
soda,  and  boil  the  esparto  more  regularly  and  quickly  than  any 
other  stationary  boiler  now  in  use.  The  circulation  is  all  that 
can  be  desired.  On  the  top  there  is  a  douche  chamber,  the  full 
diameter  of  the  boiler,  and  the  ch'culation  is  effected  by  con- 
ductors riveted  to  the  inside  shell  of  the  boiler  ;  underneath  there 
is  the  necessary  false  bottom  for  draining  liquors  and  washing 
waters.  Taking  such  a  boiler  as  Sinclair's,  the  steam  pressure 
generally  used  is  from  40  to  50  lbs.,  and  the  time  in  boiling 
varies  from  two  to  two  and  a  half  hours.  In  most  esparto  mills, 
lye  made  from  recovered  ash  is  used,  making  up  the  loss  in  re- 
covery with  70  per  cent,  caustic,  and,  if  profitable  to  make  into 
lye,  alkali  (.58  per  cent.)  is  used.  Mr.  Beadle  states  in  his  answer 
1)00  lbs.  (do  per  cent.),  I  infer  from  this  that  the  lye  may  be 
made  from  70  per  cent,  caustic,  but  that  the  quantities  are  ex- 
pressed in  terms  of  GO  per  cent.  With  Sinclair's  boiler  very 
good  results  can  be  obtained  by  13  per  cent,  of  70  per  cent, 
caustic,  or,  say,  on  a  boiling  of  50  cwts.— 735  lbs.,  or,  taking  a 
lye  of  10°  Twad.  at  the  normal  temperature  containing  4'Gl  per 
cent.,  70  per  cent,  caustic — 3-18  per  cent.  Na.^O,  we  would  have  a 
volume  equal  to  1,595  gallons.  If  I  were  to  use  the  esparto  for 
a  fine  writing,  I  should  add  7^  per  cent,  more  ;  but  as  in  our 
case  little  surface  is  required,  the  quantities  I  have  stated  are 
ample.  Sufficient  care  must  be  taken  that  the  volume  of  liquid 
in  the  boiler  be  such  as  to  properly  cover  the  grass  ;  hot  water 
is  often  added.  After  the  requisite  amount  ot  caustic  lye  has 
been  measured — this  is  generally  done  when  filling  operations 


are  concluded,  otherwise  the  grass  will  always  have  a  tendency 
to  have  a  hard  top— the  lid  is  closed  down,  and,  the  desn-ed 
pressure  having  been  attained,  the  boiling  is  continued  tor  a 
period  of  from  two  to  two  and  a  half  hours.  The  steam  valve  is 
now  closed,  and  the  steam  remaining  in  the  boiler  is  exhausted 
into  a  tank  containing  water,  which,  after  the  strong  spent  lye 
is  drained  from  the  grass,  is  used  for  scalding  purposes,  ihe 
fillincr  lid  is  now  removed,  and  the  strong  spent  lye  is  drained  to 
the  storage  tanks  in  connection  with  the  recovery  department. 
In  many  cases  the  lye  is  blown  off  with  from  3  to  5  lbs.  steam 
pressure  on  the  boiler,  but  this  is  not  advocated  where  the 
Chapman  or  Yar  Yan  evaporator  is  in  use,  owing  to  the  hnely 
divided  fibre  leaving  the  boiler  along  with  the  lye,  which,  it  not 
carefully  strained,  finds  a  resting-place  on  the  mside  of  the  evapo- 
rating tubes,  and  materially  affects  the  results.  Hot  water  is  now 
introduced  into  the  boiler— sufficient  to  cover  the  grass— and  the 
pulp  scalded  for  fifteen  minutes,  forming  the  first  weak  liquor. 
This  is  drained  to  the  evaporating  plant,  as  is  also  a  second  weak 
liquor.    Mr.  Beadle  mentions  the  washing  of  the  grass  by  the 
subsequent  return  of  weak  liquors.    This  is  all  very  well  so  far 
as  concentration  of  the  volume  of  lye  to  be  treated  by  the  re- 
covery plant  goes,  but  it  lowers  the  colour  of  your  grass  and, 
where  colour  after  bleaching  is  a  dire  necessity,  then  nothing 
beats  clean  water.    It  is  just  the  same  as  trymg  to  make  clean 
white  clothes  with  dirty  washing  water.  I  have  tried  both.  Con- 
tinual washing  with  cold  water  is  the  next  operation,  the  boiler 
being  filled  with  water,  after  which  the  dram- valve  is  partly 
opened,  sufficient  clean  water  being  added  to  equal  the  volume 
discharged  by  the  drain-cock,  always  maintaining  as  nearly  as 
possible  the  same  head  of  water  in  the  boiler.    One  and  a  halt 
hours  are  sufficient  for  washing  purposes,  and  the  grass  is  now 
allowed  to  drain  and  made  ready  for  emptying.    A  period  oi 
from  ei-^ht  to  nine  hours  has  elapsed  since  we  started  the  dusting ; 
it  may  be  done  more  quickly,  but,  to  give  everything  its  time, 
there  is  not  much  time  lost  in  having  a  boiling  of  esparto  ready 
in  eight  or  nine  hours  ;  that  is,  provided  outlets  and  draining 
pipes  are  capacious.    Spanish  grass  treated  in  this  manner  is  of 
bright  yellow  canary  colour.  ,       ,         ^  ,  •  j 

"Breaking  and  Bleaching.— The  boiled  esparto  emptied 
into  boxes  is  transferred  to  the  breaking  and  bleaching  depart- 
ment, and  may  be  treated  by  the  Cornet  system,  but  the  process 
which  most  readily  presents  itself  in  our  case  is  the  ordinary 
Hollander,  which  acts  the  part  of  a  breaker  and  poacher  as  well. 


These  may  be  of  any  capacity  from  300  to  1,200  lbs.  dry  stock  ; 
the  latter  size  I  think  is  the  most  desirable.    The  breaker  ouo-ht 
to  be  well  dished  in  the  casting,  a  well-filleted  backfall,  and  low 
breast.    The  roll  may  only  be  fitted  with  paddles,  but  in  many 
cases  oi;dmary  bars  suffice.    This  style  of  breaker  ought  to  b' 
fitted  with  two  drum  washers  made  of  mahogany,  covered  with 
fiexagoQ  brass  backing,  and  covered  with  ordinary  brass  wirecloth 
of  G6  to  72  mesh.    The  idea  of  the  two  washers  is,  one  to  remove 
the  washing  water,  and  the  other  the  spent  bleach.    The  grass 
IS  now  introduced  into  the  breaker  and  further  washed  with 
c  can  water  for  a  period  of  twenty  minutes  ;  generally  the  spent 
bleach  liquor  is  used  along  with  the  water,  which  assists  in  getting 
up  the  colour  more  quickly,  after  which  the  desired  quantity  of 
bleaching  liquor  is  added.    The  density  commonly  used  varies 
irom  0  to       Iwad.  at  normal  temperature,  containing  1-94  per 
cent,  of  available  chlorine,  or  0-54  of  bleaching  powder,  testin/sG 
per  cent,  pf  available  chlorine.    Taking  one  ton  of  esparto  (un- 
boUed  weight)  representing  half  a  ton  as  near  as  possible  boiled, 
which  would  be  sufficient  for  one  of  these  breakers,  a  very  good 
colour  will  be  obtained  by  the  addition  of  260  gallons  in  one  and  a 
halt  hours  time,  the  bleaching  being  assisted  by  the  aid  of  heat ; 
but  this  should  never  exceed  100°  to  110°  Fahr.    The  drum 
washer  for  removing  the  spent  bleach  is  now  let  down  on  the 
stutt,  and  clean  water  is  introduced  and  kept  continuously  running 
for  f  orty  minutes  or  so  ;  the  spent  bleach  is  run  into  a  tank,  from 
which  It  IS  pumped  back  to  the  mill  for  further  operations.  Then 
the  stutt  IS  further  washed  until  remaining  traces  of  bleach  have 
been  removed,  the  other  washer  at  the  time  being  used.    A  little 
antichlor  is  now  added, and  the  stuff  letdown  into  the  presse-pate 
Chest,  the  bleaching  and  washing  operations  having  occupied 
fully  a  period  of  four  hours.    You  will  find  the  colour  of  the 
stutt  goes  back,  but  it  is  a  fine,  natural-looking  colour,  slightly 
creamy  in  shade.  '    &  j 

"  PRESSE-PATE.-This  is  essentially  the  wet  end  of  a  paper 
machine  consisting  of  two  stuff  chests,  three  or  four  strainers  of 
the  diaphragm  pattern,  an  auxiliary  of  the  jog  pattern,  stuff  and 
back-water  pumps,  two  suction  boxes,  wire  frame  and  its  acces- 
sories, couch,  and  in  many  cases  a  pair  of  press  rolls.  Sand-traps 
are  essential,  as  they  prevent  grit  passing  forward  in  the  stuff. 
Ihe  strainer  plates  are  wider  in  the  cut  than  the  plates  used  at 
the  machine,  usually  from  4i  to  5  cut,  Bertram  or  Watson's 
gauge  If  proper  care  be  taken  in  the  washing  of  the  stuff",  little 
or  no  difficulty  will  be  experienced  with  the  presse-pate  wire,  and 


89 


in  many  cases  these  have  lasted  from  nine  to  ten  months.  The 
stuff,  or  half-stuff  as  it  is  now  called,  is  ready  for  the  beater,  and 
nothing  can  be  better  than  the  ordinary  Hollander,  with  roll  and 
plate  made  from  good  Swedish  Bessemer— charcoal  ingots.  The 
formation  of  the  beater  ought  to  be  the  same  as  the  breaker,  well- 
dished  sides  and  well-filleted  backfall.    Capacity  not  less  than 
(500  lbs.  dry  stuff.    Good  speed  is  essential,  and  the  roll  should 
not  travel  less  than  2,000  feet  per  minute,  the  distance  being 
taken  on  the  periphery  on  the  cutting  edge  of  the  bar.  Different 
substances  require  different  beating;  that  is,  the  thinner  the 
substance  the  longer  treatment  it  ought  to  get,  brushing  the 
fibres  well  out,  keeping  them  fair  in  length,  at  the  same  time 
making  them  wet  enough  so  that  they  may  carry  the  water  well 
on  the  wire.   Thicker  substances  require  sharp  treatment,  and  on 
no  account  ought  the  stuff  to  be  allowed  to  sludge  about  the  mill, 
making  it  wet  and  greasy  at  the  machine,  as  the  stuff  is  more 
likely  to  stick  at  the  press  roll.    Always  maintain  a  fair  strength 
in  the  fibre,  and  there  will  be  no  fear  of  trouble  afterwards.  The 
sizing  is  most  important,  and  on  no  account  must  the  paper  be 
soft.    Very  good  results  are  obtained  with  the  addition  of  4^  to 
5  per  cent,  sulphate  of  alumina  and  2  per  cent,  rosin.    The  idea 
being  not  only  to  size  fibre  and  loading  together,  but  to  put  the 
paper  in  such  a  condition,  that  when  the  enamel  is  applied  it  will 
not  lift  when  under  the  influence  of  the  printer's  blocks.  In 
many  cases,  when  the  paper  is  not  of  the  quality  it  should  be, 
the  enamel  adheres  to  the  blocks,  and  lifts  it  completely  away, 
breaking  the  surface  of  the  paper.    The  mineral  added  should  be 
china  clay,  owing  to  its  finishing  property,  and  in  a  really  good 
art  paper  should  not  exceed  18  to  20  per  cent,  on  the  weight  of 
dry  stock.  Very  little  colour  is  added  to  the  stuff  in  the  beater,  as 
generally  the  colour  is  matched  in  the  enamelling;  a  little  blue 
and  red  is  added,  with  a  view  to  brightening,  but  never  to  any 
excess.    The  stuff,  after  four  hours'  beating,  which  may  be  taken 
as  an  average,  is  let  down  to  the  machine  chests,  and  is  ready  for 
making.    It  is  passed  over  the  sand-traps,  through  the  strainers, 
both  sets  of  press  rolls,  smoothers,  but  little  calendering ;  a  smooth 
surface  is  wanted,  but  no  finish  to  speak  of,  as  on  the  application 
of  the  enamel,  and  the  brushing,  the  coating  will  run,  causing 
streakiness.    The  paper  on  reels  is  now  taken  to  the  slitting  and 
winding  machine,  where  it  is  slit  into  widths  suitable  for  the 
sizes  ordered— if  double  crown,  30^  reels;  double  demy,  35^ 
reels,  &c.  ;  half  an  inch  is  always  allowed,  as  the  art  paper  is 
always  trimmed  before  being  baled  up,  owing  to  what  is  termed 
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a  thick  edge.  I  do  not  know  of  any  instances  of  paper  leaving 
the  cylinders  of  a  paper  machine  and  being  transferred  to  a  coat- 
ing machine  right  off.  First  of  all,  the  web  would  not  always  be 
of  a  suitable  size  for  the  coating  machine.  Secondly,  the  speed 
of  the  paper  machine  would  not  correspond  with  the  speed  of  the 
coating  machine.  Thirdly,  a  high-class  art  paper  is  coated  on 
two  sides  separately,  not  in  one  operation,  which  necessitates  the 
reel  being  brought  back  and  recoated  on  the  underside.  There 
are  double-coating  machines,  but  the  speed  and  width  of  a  paper 
machine  makes  it  impossible  to  have  such  an  operation  carried 
out ;  and,  lastly,  it  would  be  impossible  to  have  a  level  coating, 
which  is  most  necessary.  The  paper  in  reels  is  taken  to  the 
coating  department  and  the  enamelling  applied. 

"  The  coating  machine  consists  of  a  cylinder  or  drum,  varymg 
from  three  to  four  feet  in  diameter,  which  acts  as  a  support  to 
the  paper  as  well  as  a  carrier  when  under  the  influence  of  the 
brushes.  The  colour-box  is  made  of  copper,  and  is  arranged  so 
that  heat  may  be  applied— in  order  to  keep  the  colour  always  at 
the  same  temperature.  The  coating  is  applied  to  the  paper  by 
means  of  a  vertically-running  felt,  which  does  not  pass  through 
the  colour-box,  but  to  which  the  colour  is  transferred  by  means  of 
a  copper  roll  running  in  the  box,  the  amount  of  coating  so  trans- 
ferred being  regulated  by  the  degree  of  pressure  of  the  felt 
against  a  parallel  roll  between  which  the  paper  passes.  The  dis- 
tribution of  the  coating  is  effected  by  means  of  five  or  seven 
brushes,  the  bristles  being  so  selected  in  quality  as  to  become 
softer  and  softer  in  succession.  The  brushes  work  with  different 
motions,  some  being  stationary,  others  moving  to  and  fro  side- 
ways, the  latter  motion  being  supplied  by  cranks  all  fixed  on  one 
shaft  and  driven  by  belt.  At  the  end  of  the  coating-machine  is 
generally  fixed  a  pneumatic  suction-table,  on  to  which  the  now 
coated  paper  passes.  This  table  acts  as  a  drawer,  and  prevents 
the  paper  slipping  on  the  drum,  after  which  it  passes  on  to  the 
drying  apparatus.  This  apparatus  consists  of  a  system  of  endless 
chains,  on  which  are  carried  sticks,  the  paper  hanging  from  these 
sticks  in  loop  form,  and  is  subjected  to  a  temperature  varying 
from  80°  to  90°  Fahr.  If  the  drying-room  is  not  long  enough 
this  apparatus  is  fitted  with  a  turntable,  which  takes  the  sticks, 
describes  with  them  a  semi-circle,  puts  them  in  turn  on  to  return- 
ing chains,  and  finally  delivers  them  into  a  self-taking  and 
removing  apparatus,  the  coated  paper  passing  on  the  reeling- 
machine.  After  the  reel  is  of  sufficient  size  it  is  taken  off,  and,  in 
the  case  of  a  high-class '  art,'  is  recoated  on  the  opposite  side.  As 
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a  rule,  part  of  the  day  is  devoted  to  coating  one  side,  and  the  rest 
the  opposite  side.  The  coating  or  enamel  consists  of  a  mixture  of 
satin  white,  blanc  fine,  enamel  or  china  clay,  used  in  various 
proportions  according  to  the  desired  finish.  Gelatine  is  added  to 
the  mixture  to  size,  in  order  to  prevent  the  coat  from  lifting  when 
printed.  The  speed  of  coating  varies  according  to  the  width  of 
reel  coated,  but  an  average  may  be  taken  at  80  to  120  feet,  and 
in  some  cases  at  the  speed  of  140  feet.  As  to  the  ameunt  of 
coating  applied,  it  is  just  here  that  Mr.  Beadle  and  the  examiners 
have  gone  wrong.  It  is  impossible  to  state  the  gain  per  cent.,  as 
it  may  be  anything.  Surface  colour  is  applied  so  many  pounds 
for  so  many  square  inches,  but  it  is  impossible  to  take  5  tons  of 
paper,  coat  it,  and  then  state  what  the  added  weight  to  the 
finished  paper  would  be  per  cent.  We  will  take  two  examples 
for  demonstration.  We  have  5  tons  of  body  paper,  and  have  two 
orders  to  execute.  The  size  of  the  sheet  to  be  demy,  18  x  23 
(art  size).  In  the  first  case  the  substance  of  the  ream  is  20  lbs. 
before  coating,  and  5, GOO  lbs.  of  paper  is  allotted  for  this  order. 
In  the  other  case  the  size  of  the  sheet  is  the  same,  but  the  sub- 
stance of  the  ream  is  GO  lbs.  before  coating,  5, GOO  lbs.  of  paper 
being  also  allotted  for  this  order.  What  is  the  percentage  of 
added  weight  to  the  finished  paper  ?  We  will  increase  the  weight 
of  these  substances  by  the  addition  of  10  lbs.  of  enamel  per  ream 
of  demy,  that  is,  the  20  lbs.  will  become  30  lbs.  and  the  GO  lbs. 
70  lbs.  after  coating.  5,G00  lbs.  will  represent  in  reams  of  20  lbs. 
demy,  280.  To  each  ream  is  added  10  lbs.,  that  is,  on  280  we 
have  added  2,800  lbs.  of  coating,  the  total  weight  of  body  paper 
plus  enamel  being  5, GOO  +  2,800  =  8,400  lbs.  finished  weight,  or 
that  the  weight  of  the  paper  has  been  increased  by  50  per  cent. 

"  Take  the  other  substance  :  5, GOO  lbs.  will  represent  in  reams 
of  GO  lbs.  demy,  93^.  To  each  ream  is  added  10  lbs.,  that  is,  on 
93^  reams  we  have  added  933  lbs.  of  coating,  the  total  weight  of 
body  paper  and  enamel  being  .5, GOO  +  933  =  6,533,  or  that  the 
weight  of  the  paper  has  been  increased  by  16"6  per  cent.  In 
these  instances  I  have  disregarded  broke  for  the  sake  of  calcula- 
tion. From  what  I  have  said  you  will  notice  it  would  be  im- 
possible for  a  student  to  give  a  direct  answer  to  the  latter  part  of 
the  question,  as  his  gain  might  be  anything.  '  Five  tons  of 
paper '  is  not  enough  for  that  question  ;  you  must  have  other 
data  to  go  on.  If  the  examiners  had  put  it :  Five  tons  of  paper, 
representing  so  many  reams  in  double-crown  or  royal,  etc.,  sub- 
stance before  coating  being  given,  what  would  the  added  weight 
be  to  the  finished  paper  per  cent.  ?  then  there  would  be  some 
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sense  in  it,  but  there  is  none  in  its  present  form.    The  paper 
after  coating  is  transferred  to  the  calender-room,  where  it  is 
glazed.    The  most  modern  calender  consists  of  eight  rolls  of 
papier-mache  and  chilled  iron  arranged  alternately.    As  a  rule, 
where  an  extra  high  finish  is  wanted,  the  coated  paper  is  rolled 
twice,  first  the  under  side  and  then  the  top  side.    Prominence  of 
the  wire-mark  on  the  under  side  must  be  avoided,  as  it  leads  to 
bad  printing.  To  obviate  this,  additional  coating  is  always  applied 
to  the  under  side,  and  extra  calendering  is  often  required.  After 
cutting  into  the  desired  size,  the  paper  is  transferred  to  the  over- 
hauling room,  where  in  the  hands  of  expert  sorters  all  defects  are 
removed.    The  most  common  faults  to  be  found  in  coated  papers 
are  faulty  and  miscoloured  sheets  and  creases  from  calenders, 
which  are  considered  everyday  occurrences.     Pieces  of  hard 
enamel  which  adhere  to  the  surface  of  the  paper  are  the  most 
serious  objection.    When  any  undue  pressure  is  used  in  printing 
with  process-blocks  so  that  the  prints  may  be  clear,  these  hard 
lumps  have  often  a  tendency  to  destroy  or  make  faulty  the  block. 
After  sorting  and  finishing,  the  reams  are  taken  to  the  guillotine, 
where  the  ripped  edge  is  trimmed.    This  is  done  to  remove  the 
hard  edge,  which  consists  of  enamel,  and  which  is  obtained  from 
the  drum  while  the  paper  is  in  process  of  coating.    The_  paper 
after  trimming  is  tied  up  and  ready  for  despatching.    Taking  10 
tons  of  good  Spanish  esparto,  and  following  the  different  pro- 
cesses as  I  have  described  them,  I  should  expect  at  least  the 
following  result :  10  tons  esparto —equal  to  22,400  lbs.— with  the 
addition  of  5,000-5,000  lbs.  of  china  clay,  ought  to  produce  14,800 
lbs.  of  paper.    The  percentage  loss  at  the  ripper  would  be  about 
3^  per  cent.,  and,  as  near  as  possible,  the  amount  of  paper  sent  to 
the  coating-room  would  be  6  tons.    To  ascertain  the  percentage 
gain  by  coating,  we  must  assume  a  size  and  weight  before  coating, 
then  calculate  the  added  weight  to  the  body-paper.    To  show 
really  what  the  finished  weight  would  be,  we  will  take  it  in  two 
substances  and  weights — say,  quad  crown,  30  X  40,  and  royal, 
20  X  25.    Taking  the  quad  crown  first,  and  assuming  the  un- 
coated  weight  to  be  00  lbs.  per  ream,  0  tons  of  body-paper  w'ould 
represent  224  reams,  to  which  we  apply  30  lbs.  of  enamel  per 
ream.  This  would  make  the  weight  added  0,720  lbs.,  and  13,440 
lbs.  4-  0,720  =  20,109  lbs.  finished  weight  after  coating,  or  equal 
to  a  gain  of  50  per  cent.  Taking  a  royal  art  board  20  X  25,  sub- 
stance of  80  lbs.  a  ream  before  coating  :  in  the  0  tons  of  paper  we 
would  have  138  reams,  and  the  weight  added  per  ream  is  12^  lbs. 
On  138  reams  we  would  add  1,726  lbs.,  making  the  total  weight 
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finished  15,156  lbs.,  equal  to  a  gain  of  28  per  cent.  Now,  if  you 
look  into  both  results  you  will  find  that  the  finished  weight  from 
the  10  tons  of  esparto  in  the  quad  crown  example  would  be  9  tons, 
while  in  the  royal  it  would  only  be  6  tons  16  cwt. 

"  With  regard  to  tinted  enamels,  the  body-paper  is  white,  the 
tinting  is  added  to  the  colouring. 

"  As  to  soda  recovery,  I  reckon  it  would  take  a  most  up-to-date 
plant  to  recover  90  per  cent.  As  far  as  I  know,  75  per  cent, 
seems  to  be  about  the  highest  point  attainable,  and  if  90  per  cent, 
is  recovered,  the  extra  cost  in  evaporation  and  manipulation  of  the 
lyes  will  not  be  covered  by  the  extra  percentage  gained. 

"I  trust  I  have  made  the  contribution  interesting,  but  I  only 
write  this  with  the  view  of  showing  how  mistakes  can  be  made  in 
putting  such  a  question. 

"  A  Readee." 


SOME  CRITICISMS. 
C.  F.  Ckoss. 

"  I  have  read  with  a  good  deal  of  interest  your  issue  of  October  1, 
1901,  and  consider  that  Mr.  Beadle  has  done  a  very  difficult  piece  of  work 
with  his  usual  thoroughness.  The  only  misstatement  of  fact  which  I  have 
noticed  is  on  page  694,  in  dealing  with  the  precipitation  of  the  organic  or 
sulphonated  derivatives  from  wood  liquor.  Mr.  Beadle  does  not  seem  to 
be  familiar  with  C.  D.  Ekman's  work  on  '  Dextrone.'  I  think  the  treat- 
ment of  the  questions  is  excellent,  and  there  is  no  doubt  your  paper  has 
done  good  service  in  getting  Mr.  Beadle  to  take  on  this  novel  office." 

George  Clappekton. 
"  I  think  the  Ordinary  Grade  has  been  very  well  handled  indeed." 

Richard  Barton. 

"  I  am  pleased  to  see  Mr.  Clayton  Beadle  has  taken  this  up,  and  I  feel 
confident  good  will  come  of  it.  1  have  also  to  thank  you  for  the  help  to 
and  interest  you  have  taken  in,  the  Technical  Classes."  ' 

Workmen. 

"  Pleased  to  see  your  announcement  re  special  articles  on  examination 
questions  by  Mr.  Beadle.  It  speaks  well  for  the  progressive  and  enter- 
prising character  of  your  journal. 

"  Paper  Mill  Worker, 

"  Bolton." 
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"  Allow  me,  on  behalf  of  self  and  friends,  to  congratulate  you  on  your 
idea  for  having  the  recent  examination  questions  answered  by  such  a 
well-known  technical  and  practical  expert  as  Mr,  Clayton  Beadle,  The 
questions  have  been  carefully  drawn  up,  and  the  answers  will  be  of  great 
value  to  manufacturers,  managers,  students,  and  also  teachers, 

"Walter  T,, 

"  Lancashire," 

"Your  valuable  journal  seems  intent  to  all  up  the  position  of  a  real 
technical  and  practical  journal  for  the  trade  by  the  proposed  new  features 
of  articles  by  Mr.  C,  Beadle  on  the  questions  set  at  the  recent  examma- 
tions  in  papermaking.  These  will  be  of  great  assistance  to  students  and 
teachers,  as  well  as  to  the  members  of  the  trade  in  general.  Wishmg 
your  paper  every  success  in  your  new  departure. 
•>      ^  ^  "Student, 

"  Derbyshire." 

"  I  notice  that  in  the  last  issue  of  your  journal  you  are  publishing  the 
questions  set  at  the  last  papermakers'  examination,  and  answered  by 
Mr.  Clayton  Beadle,  I  am  very  pleased  indeed  to  see  that  you  have 
taken  a  step  in  that  direction,  and  one  which  I  believe  will  be  welcomed 
by  many  such  young  fellows  as  myself  in  the  trade.  Buky  " 

Question  7. 

« I  should  like  to  offer  a  few  remarks  on  Mr,  Beadle's  furnishes  for 
some  of  the  papers  mentioned  in  Question  7.  ,      •   i       i  i 

"  (3)  With  regard  to  filter-papers  for  quantitative  chemical  work,  he 
gives  the  furnish  as  all  cotton.  I  had  always  understood  that  the  best  of 
these  papers  were  made  from  all  or  nearly  all  linen  rag,  and  I  know 
of  a  mill  in  Sweden  who  make  one  of  the  finest  filter-papers,  and  they  use 
nothing  but  linen.  . 

"  (5)  Litho  and  fine  printings.  Would  not  esparto  give  a  better  litho 
paper  than  soda  wood  ?  Soda  wood  will  certainly  make  up  into  a  good 
printing  paper,  but  it  does  not  equal  esparto. 

"  (6)  Cartridges.  This  class  of  paper  is  a  very  large  one,  and  may 
mean  a  paper  from  2M  to  5d.  per  lb.  Some  are  made  all  wood,  and 
I  have  made  some  all  bagging,  and  again  have  made  them  all  good,  clean 
mixed,  old,  and  new  rag,  but  the  furnish  given  can  hardly  be  called 
a  representative  one,  and  it  seems  very  peculiar  to  load  a  paper  up  to 
20  per  cent,  after  using  such  a  remarkably  good  furnish.  By  unb  cached 
cotton  and  unbleached  linen,  does  Mr.  Beadle  mean  a  new  unbleached 
rag,  or  an  old  rag  which  is  to  be  used  without  being  bleached  ? 

Questions  8,  9,  and  11. 
"  Question  8,  Ordinary.— I  notice  that  Mr.  Beadle  gives  the  furnish 
for  news  as  containing  10  per  cent,  of  clay.  I  have  burnt  several  samples 
and  cannot  find  this  amount  of  clay,  and  I  have  never  heard  of  more 
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than  3  to  5  per  cent,  being  put  in,  and  always  thought  the  general  practice 
was  not  to  put  in  any  loading  at  all.  Would  a  paper  containing  75  per 
cent,  mechanical  stand  10  per  cent,  loading? 

"  QuESTioif  9. — Has  Mr.  Beadle  stated  this  sum  correctly  ?  Worked 
out  as  it  is  printed  the  answer  does  not  agree.  Should  it  not  be  as 
under  ? 

7  V  10  X  1000  +  (11  X  5)  _ 

^  ^  ^       1000  - 

"Question  11. — Is  Mr.  Beadle  serious  in  saying  that  the  oil  from 
animal-size  making  is  used  for  manure  ?  It  fetches  a  good  price,  and 
if  kept  clean  is  often  sold  for  over  £20  per  ton. 

"  Superfine." 


China  Clay  in  Newspapers. 

"  In  common  with  several  others  I  have  evidently  misunderstood  Mr, 
Beadle.  I  understood  that  the  10  per  cent,  loading  referred  to  the  amount 
in  the  finished  paper,  but  he  meant  it  as  10  per  cent,  added  to  the  engine, 
which  makes  a  considerable  difference.  His  figures  giving  the  ash  in 
different  papers  are  very  interesting,  but  only  ten  out  of  the  fifteen 
samples  carried  over  5|  per  cent.,  and  the  average  of  the  ten  lowest  is 
only  4  per  cent. 

"On  Mr.  Beadle's  figures  the  average  of  5-7  per  cent,  ash  required 
9'7  per  cent,  of  clay  added  to  the  engine,  which  is  a  retention  of  only 
59  per  cent.  It  is  a  well-known  fact  that  the  larger  the  amount  of  loading 
added,  the  smaller  is  the  percentage  of  the  quantity  retained  in  the  paper, 
and  yet  Mr.  Beadle  says  that  14  per  cent,  clay  added  to  the  engine  would 
carry  10  per  cent,  of  ash.  I  should  think  that  it  would  be  necessary  to 
add  something  like  30  per  cent,  to  the  engine  to  carry  10  per  cent.  ash. 
I  did  not  dispute  that  a  newspaper  might  carry  10  per  cent,  ash,  but  that 
a  paper  containing  75  per  cent,  haechanical  and  only  15  per  cent,  chemical 
Avood  would  carry  10  per  cent.,  and  this  I  still  can  hardly  understand. 
Perhaps  some  of  your  readers  who  make  common  news  can  say. 

"  SUI>ERFINE." 


X. 


CITY  AND  GUILDS  OF  LONDON  INSTITUTE  EXAMINATION 
ON  PAPER  MANUFACTURE. 

ANSWERS  TO  THE  1902  QUESTIONS. 

When  first  reading  through  the  questions  set  by  the  examiners 
I  was  appalled  at  the  large  amount  of  ground  which  these 
questions  covered.  To  many  of  the  questions  I  found  it  extremely 
difficult  to  give  anything  like  adequate  answers — in  fact,  it  would 
not  be  possible  to  give  an  answer  to  some  of  them  which  would 
not  be  open  to  considerable  criticism.  On  first  looking  through 
the  questions,  and  making  an  attempt  to  answer  them,  I  was  on 
the  point  of  giving  the  work  up  in  despair.  I  fear  I  should  have 
been  compelled  to  do  so  if  it  had  not  been  for  the  generous 
assistance  which  was  accorded  me.  It  is  one  thing  to  set  a 
question,  and  another  to  answer  it  in  a  satisfactory  manner, 
especially  to  those  who  are  familiar  with  the  subject.  In  many 
instances  I  feel  the  weaknesses  of  my  answers,  but  I  should  be 
gratified  if  those  who  take  the  trouble  to  read  them,  and  have 
special  knowledge  of  the  subject,  would  communicate  their  re- 
marks to  the  columns  of  Paper  and  Pulp.  Any  criticisms  of 
this  sort  would  undoubtedly  be  instructive  to  the  readers  of  this 
Journal. 

The  plan  adopted  is  as  far  as  possible  the  same  as  last  year, 
of  first  of  all  giving  an  answer  to  a  question,  and  then  making 
remarks  on  the  same.  It  would  be  difficult  to  give  a  full  answer 
to  many  of  the  questions.  An  endeavour  has  been  made  to  give 
a  fair  amount  of  information  in  answer  to  each  question  without 
going  too  fully  into  details,  except  in  one  or  two  instances  where 
the  nature  of  the  question  appears  to  call  for  more  detailed 
description.  I  have  to  express  my  indebtedness  to  certain  gentle- 
men who  have  so  generously  given  me  the  benefit  of  their  know- 
ledge and  experience  in  answer  to  certain  questions.    Some  of 
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these  I  will  take  the  opportunity  of  acknowledging  in  due  course 
as  the  answers  are  published, 

I  take  this  opportunity  of  thanking  Mr.  George  Clapperton 
for  the  assistance  he  has  rendered  me  on  many  practical  points, 

Okdinary  Geade. 
1902. 

Question  1. — In  loiling  rags  with  caustic  soda,  ivhat  are  the 
principles  tvhich  regulate  the  conditions  of  treatment,  viz.  chiefly. 
Proportion  of  soda  and  of  total  liquor  to  rags,  temperature  and  time 
of  hulling?  What  information  as  to  progress  of  the  treatment  is 
f  urnished  hy  analysis  of  liquors.    (30  marks.) 

Answer  l. — The  treatment  of  rags  is  almost  universally 
looked  upon,  not  only  by  the  manufacturer,  but  also  by  the 
chemist  responsible  for  their  chemical  treatment,  as  being  entirely 
of  an  empirical  order.  Manufacturers  do  not  regard  such  a 
material  as  rags  as  being  amenable  to  any  scientific  treatment, 
although  the  manufacture  of  sulphite  and  soda  wood  pulp  is 
carried  out  in  the  most  systematic  and  scientific  manner. 

The  conditions  under  which  rags  are  now  treated  in  the  best 
mills  have  been  arrived  at  after  many  years  of  observation.  As 
good,  if  not  better,  results  might  have  been  arrived  at  after  as 
many  months  almost  by  pursuing  a  scientific  method  of  investiga- 
tion. In  the  ordinary  method  of  procedure,  rags  of  a  given 
quality  are  dumped  into  a  boiler  with  what  is  considered  sufficient 
soda  liquor,  and  after  a  certain  number  of  hours'  treatment 
under  steam  pressure,  the  rags  are  washed  and  removed.  If  the 
result  is  considered  good  enough  the  conditions  are  repeated,  but 
if  the  result  is  in  any  way  unsatisfactory,  one  or  other  of  the 
conditions  is  varied.  It  takes  years  by  this  plan  of  procedure  to 
arrive  at  a  point  where  no  further  improvement  can  be  noticed. 

The  following  is  a  practical  and  rapid  procedure  for  arrivino- 
at  the  best  conditions  for  boiling  rags  with  soda  which  can  be 
carried  out  by  any  ordinary  working  chemist ;  One  quahty  of 
rag  is  taken  for  investigation.  The  rags  are  filled  into  the  boiler 
with  a  known  quantity  of  soda.  The  capacity  of  boiler,  the 
weight  of  rags,  and  the  volume  of  liquor  are  noted.  The  charge 
should  be  as  much  as  the  boiler  will  take  when  "trodden  in" 
after  the  liquor  is  added.  The  liquor  should  be  just  sufficient 
to  ensure  complete  saturation  of  rags,  but  no  more.  The  time 
of  bringing  boiler  to  full  pressure  is  noted.    Samples  of  liquor 

H 


98 


are  withdrawn  every  hour,  and  tested  for  "  free "  soda,  and  the 
boiling  is  continued  until  the  free  soda  remains  practically  con- 
stant. The  total  soda  is  determined  in  the  first  and  last  sample, 
and  in  the  case  of  a  boiler  heated  with  a  steam-coil,  the  total  soda 
should  remain  constant  throughout  the  boiling.  When  the  rags 
are  washed  and  removed  from  the  boiler  a  sample  is  kept  for 
comparison. 

A  second  boiling  is  conducted  on  the  same  lines,  but  using 
soda  only  slightly  in  excess  of  that  found  to  be  consumed  in  the 
first  trial.  The  boiling  is  continued  until  the  free  soda  remains 
constant.  The  boiled  rags  should  then  be  compared  with  the 
first  trial,  and  the  result  should  be  practically  the  same.  In 
order  to  ascertain  the  loss  during  treatment,  10  lbs.  of  rags, 
which  must  be  so  selected  as  to  represent  absolutely  the  bulk, 
are  tied  up  in  a  loose  bag  made  of  coarse  cheese-cloth.  This 
bag  is  reclaimed  after  the  boiling,  and  the  contents  of  the  bag 
are  bone-dried,  exposed  to  the  air  to  air-dry,  and  weighed.  From 
this  the  loss  during  boiling  is  calculated. 

The  examination  of  liquors  taken  during  the  boiling,  to  avoid 
unnecessary  calculation  and  work,  are  treated  as  follows  :  The 
liquor  from  each  hour  is  placed  in  a  marked  bottle.  The  bottles 
are  fitted  into  rough  wooden  boxes  resembling  cruet-stands,  with 
leather  straps  for  handles,  which  can  easily  be  transported.  Each 
box  contains  a  series  of  l)ottles  sufficient  for  a  boiling.  By  this 
means  samples  from  half  a  dozen  boilings  can  be  transported 
from  boiler-house  to  laboratory  by  the  chemist  in  one  journey. 
From  each  sample  32  c.c.  is  withdrawn  by  means  of  a  pipette 
made  to  measure  this  quantity.  This  is  titrated  Avith  normal 
sulphuric  acid  until  it  no  longer  shows  alkalinity,  when  a  drop 
is  placed  on  a  perfectly  neutral  non-absorbent  litmus  paper.  On 
account  of  the  colour  of  liquor  no  indicator  can  be  used 'in  solution. 
For  determination  of  total  soda,  32  c.c.  is  evaporated  down  in  a 
platinum  dish,  ignited,  and  the  charred  mass  wetted  with  water 
and  again  ignited.  The  soda  can  then  be  dissolved  out  with 
water,  and  titrated  without  filtration  in  presence  of  methyl- 
orange.  The  readings  on  pipette  give  the  percentage  of  'Na^O 
by  dividing  by  10.  This  method  of  determining  the  free  and 
total  soda  has  been  checked  by  evaporating  a  quantity  of  the 
liquor  to  a  solid  mass,  and  examining  for  "free"  soda  by  the 
method  of  "  salting  out."  The  two  methods  give  almost  identical 
results — 

Dilute  liquor  tested  as  above,  28-5  per  cent,  of  total  soda 
"  free." 


99 


Concentrated  and  "  salted  out,"  26'9  per  cent,  of  total  soda 
"  free." 

When  once  the  conditions  of  boiling  are  fully  established, 
check  tests  can  be  done  from  time  to  time  in  a  more  simple 
manner,  as  follows  :  A  portion  of  the  first  and  last  sample  is 
mixed  in  equal  volumes,  from  which  32  c.c.  is  withdrawn,  and 
total  soda  determined.  Such  quantity  of  each  sample  is  then 
drawn  off  as  to  give  reading  on  burette  which,  when  divided 
by  ten,  represents  percentage  of  "  free  "  on  "  total  "  soda,  without 
further  calculation.  The  results  are  finally  expressed  in  percentage 
of  "  free  "  soda  on  "  total "  soda.  By  examination  of  these  figures 
the  exact  behaviour  during  boiling  can  be  ascertained.  I  have 
found,  moreover,  that  still  further  can  be  learned  by  plotting 
curves  showing  the  diminution  of  "  free  "  soda  per  hour  during 
boiling,  expressed  as  percentage  on  total "  soda  "  present.  The 
table  shows  the  conditions  arrived  at  after  pursuing  the  mode  of 
procedure  above  indicated.  It  must  be  remembered  that  no  two 
mills  have  the  same  requirements,  and  there  is  no  regular  plan 
of  procedure  common  to  them  all  or  to  the  majority  of  them. 
Furthermore,  the  different  grades  of  rags  in  one  mill  are  not  com- 
parable with  those  in  another.  The  table  cannot,  therefore,  be 
used  as  a  guide  for  general  practice,  but  merely  as  showing  the 
mode  of  expressing  the  different  factors  of  boiling,  and  by  com- 
paring them  with  curves  constructed  as  above  indicated  an  idea 
can  be  arrived  at  as  to  how  the  conditions  influence  the  rate  of 
absorption  of  soda.  Curve  No.  1  should  show  the  absorption  of 
soda  per  hour  of  different  qualities  of  rags  when  treated  under 
the  conditions  as  shown  in  table.  A  dotted  curve  shoiild  be 
constructed  from  the  mean  of  these.  Curve  No.  2  should  show 
the  absorption  of  soda  per  hour  of  No.  3  Linens  when  the  con- 
ditions are  varied  as  shown  in  table.  A  dotted  curve  constructed 
as  the  mean  of  No.  2  series  is  extremely  regular,  and  gives  a  good 
idea  as  to  how  the  rate  of  absorption  of  "free"  soda  should 
progress  under  favourable  circumstances.  Broad  conclusions  can 
be  arrived  at  from  a  mean  of  all  the  curves  which  should  hold 
good  in  a  measure  for  all  classes  of  rag-boiling.  About  one-half 
the  total  soda  is  neutralised  at  the  end  of  the  first  hour,  and  after 
the  third  or  fourth  hour  the  chemical  treatment  has  practically 
come  to  an  end.  Any  further  treatment  is  not  only  wasteful  and 
unnecessary  but  harmful,  as  the  rags  go  bad  in  colour.  Many 
papermakers  are,  however,  treating  for  twelve  to  twenty  hours, 
as  they  have  no  means  of  telling  when  the  action  is  at  an  end. 
The  amount  of  soda  used  also  is  merely  a  matter  of  guesswork. 
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Some  such  system  as  I  have  outlined  above  should,  I  venture  to 
think,  be  introduced  into  every  paper  mill  where  rag  treatment 
is  carried  on  on  an  extensive  scale. 

Remarks. — The  foregoing  is  abstracted  from  a  contribution  to  tbe  Chemical 
Neays  of  November  29,  1901.  It  appeared  best  to  give  this  in  most  of  its 
detail  as  it  is  a  fairly  complete  answer  to  tbe  question.  Of  course,  tbe  conditions 
vary  in  different  mills,  and  would  depend  upon  tbe  class  of  boiler  used  as  well  as 
the  pressure  available,  and  the  quality  of  paper  to  be  produced ;  but  I  venture 
to  think  that  the  general  principle  holds  good  in  all  paper  mills.  The  table 
referred  to  in  the  above  answer  is  not  here  reproduced,  but  it  can  be  read  in  tbe 
original  paper.  The  various  curves  plotted  from  these  tables  were  not  published 
iu  the  original  paper,  but  were  afterwards  published  in  the  Papermakeh. 

Question  2. — What  are  the  characteristics  most  desiraUe  in 
papers  for  (1)  photograph  mounts,  (2)  ti/peivriting,  (3)  ledgers,  (4) 
school  hoolcs  {illustrated  in  colours)  ?  Give  the  furnish  ijou  consider 
most  suitable,  and  state  the  precautions  you  ivoidd  adopt  to  secure 
the  best  results.  (25.) 

Answer  2.— (1)  The  photo  mounts  must  be  free  from  any 
trace  of  antichlor,  or  any  chemical  which  would  tend  to  spot  the 
photos,  and  its  ideal  furnish  would  be  all  soft  clean  cottons  beaten 
very  fine,  and  prepared  by  boihng  with  only  a  small  percentage 
of  soda,  and  taking  all  known  precautions  to  ensure  that  all 
traces  of  antichlor  are  washed  out ;  indeed,  when  colour  admits, 
there  should  be  little  or  no  bleach  or  antichlor  used. 

(2)  Typewriting  papers.  30  per  cent,  bleached  sulphite  and 
70  per  cent,  strong  linens  make  a  good  paper  if  well  beaten 
and  passed  through  a  refiner,  which  has  the  effect  of  making 
the  wood  and  linen  blend,  and  removing  all  trace  of  a  woody 
appearance.  Some  of  the  Yankee  papers  are  mostly  sulphite, 
but  they  must  cost  a  lot  to  produce,  as  they  are  so  well  milled. 

(3)  Ledgers.  For  the  best  qualities  25  per  cent,  linen,  75 
per  cent,  cottons,  coloured  with  Smalt's  blue.  In  addition  to 
the  usual  engine  size  and  tub -sizing,  they  should  be  sized  again 
through  the  hand  sizer  and  air  dried.  The  principal  require- 
ments are  fast  colour,  cleanliness,  strong  well-milled  look— but 
not  so  greasy  as  to  cause  the  ink  to  flood,  and  good  erasure 
properties. 

(J:)  School  books.  Say  25  per  cent,  bleached  sulphite,  75 
per  cent,  esparto.  Well  beaten  but  long  stuff,  and  not  too  hard 
sized,  as  they  are  wanted  to  print  nicely,  and  when  the  pictures 
are  printed  in  colours  about  20  per  cent,  china  clay,  so  as  to 
absorb  the  oils  and  prevent  >them  appearing  on  the  other  side  of 
the  sheet. 


101 


Note. — This  answer  is  answered  as  briefly  as  possible,  and  appears  to  call  for 
a  brief  statement  of  a  student's  experience  or  knowledge. 

Question  3. —  What  instrumenfs  are  used  in  the  mill  to  measure 
(1)  temperature,  (2)  proportion  of  moisture  in  the  air,  (3)  specific 
gravity,  (4)  weight  and  thickness  of  papers  ?  State  hriefly  what 
you  hiow  of  the  uses  of  such  measurements.  (30.) 

Answer  3. — (1)  The  mercurial  thermometer,  either  Fahren- 
heit or  Centigrade,  is  almost  universally  used  for  measuring 
temperature.  There  is  also  a  spirit  thermometer  in  which  abso- 
hite  alcohol  takes  the  place  of  mercury ;  this  can  be  used  for 
lower  temperatures.  For  the  purposes  of  registering  the  maxi- 
mum and  minimum  temperatures  there  is  what  is  known  as  a 
Maximum  and  Minimum  thermometer,  the  maximum  tempera- 
ture being  registered  by  means  of  a  small  pin  or  index  resting 
loosely  in  the  tube,  in  what  is  known  as  the  torricellian  vacuum. 
This  index  is  pushed  along  by  the  surface  of  the  mercury  as  it 
expands,  and  when  the  mercary  recedes  after  recording  the 
maximum,  the  index  remains  at  the  maximum  point,  and  the 
maximum  temperature  can  be  read  off  at  any  time.  After  taking 
the  reading  the  index  is  either  drawn  back  to  the  surface  of  the 
mercury  by  means  of  a  magnet  or  shaken  down.  The  minimum 
thermometer  contains  spirit,  coloured  red,  in  which  the  index  is 
immersed.  As  the  spirit  contracts,  the  index  is  drawn  along  the 
tube  and  remains  at  the  lowest  point  reached  by  the  spirit,  from 
which  the  minimum  temperature  can  be  read  off.  The  index  is 
drawn  to  the  surface  of  the  spirit  by  means  of  a  magnet. 

There  is  an  instrument  made  by  Waltham  Watch  Company 
resembling  a  barometer,  the  hand  moving  along  the  dial  and 
indicating  the  temperature,  which  is  marked  on  the  dial.  The 
movement,  I  believe,  is  due  to  the  uneven  expansion  of  the  two 
dissimilar  metals.  But  this  instrument  is  little  used  in  this 
country,  and  liable  to  get  out  of  order ;  furthermore  it  cannot  be 
used  for  immersion  in  a  liquid. 

There  are  instruments  now  constructed  which  give  an  electric 
register  of  the  temperature.  By  laying  wires  from  where  instru- 
ments are  situated  to  any  common  centre,  a  record  can  be  kept 
of  the  temperature  of  the  drying-rooms  and  various  departments 
Avhere  a  record  of  the  temperature  is  considered  necessary.  I  am 
acquainted.  *ij;b.:  a -very  \^^enl<3ft^J[A.mgi*ij?^,:&4chine  for  this 
purpose,  Qr^iBa'tly  designed;  I-bcIi^Vej'.fsi'PecoVd'iiig  the  tempera- 
ture of  thfi  o'ceaii  at 'different  depUis.   

(2 j).^ Tlia pr.oga»ti§ft  Qf  jnoistur^  ii^iJi^tijJ-  i^.^Ejietally  recorded 
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by  what  is  known  as  a  wet  and  dry  bulb  thermometer.  The  dry 
bulb  registers  the  actual  temperature  of  the  air  and  the  wet  bulb 
a  lower  temperature,  which  is  lower  in  proportion  to  the  dryness 
of  the  atmosphere,  due  to  the  evaporation  on  the  surface  of  the 
bulb. 

By  taking  readings  of  the  dry  and  wet  bulbs,  and  referring 
to  Glaisher's  tables,  it  is  possible  to  arrive  at  the  percentage 
saturation  of  the  atmosphere  at  auy  time,  as  well  as  the  amount 
of  moisture  contained  in  a  cubic  foot  of  the  air,  &c.  AVurster's 
hygrometer  gives  the  percentage  saturation  of  the  air  for  any 
ordinary  temperature.  This  is  indicated  on  the  dial  by  means 
of  a  fine  pointer.  The  pointer  is  connected  by  means  of  a  human 
hair,  which  expands  and  contracts  in  accordance  with  the  con- 
dition of  the  atmosphere.  I  have  taken  readings  of  this  instru- 
ment against  a  standard  wet  and  dry  thermometer  (for  which  I 
hold  a  Kew  certificate),  using  Glaisher's  tables  for  reference,  and 
have  found  Wurster's  hygrometer  to  agree  within  1  or  2  per 
cent,  of  the  actual  readings  obtained  by  means  of  this  most 
delicate  instrument.  From  such  readings  the  dew  point  can  be 
calculated,  and  also  the  actual  amount  of  moisture  in  a  cubic  foot 
of  air,  &c. 

(3)  The  specific  gravity  is  roughly  determined  by  means  of 
the  Twaddle  hydrometer,  the  degrees  of  which  are  marked  on  the 
stem.  In  some  mills  the  Baume  hydrometer  is  used.  This  is 
on  the  same  principle  as  the  foregoing,  but  the  degrees  have  a 
different  value,  and  it  is  constructed  to  be  used  for  liquids  either 
heavier  or  lighter  than  water.  There  are  other  instruments  on 
the  same  principle,  but  marked  in  actual  specific  gravity.  The 
specific  gravity  is  sometimes  determined  by  means  of  a  small 
bottle  of  a  known  capacity,  in  which  the  liquid  to  be  tested  is 
weighed.  This  is  known  as  the  specific  gravity  bottle.  An 
instrument  of  the  same  class,  but  in  the  form  of  a  U  tube,  is 
known  as  the  Sprengel  tube,  and  is  extremely  accurate.  For 
most  purposes  the  Twaddle  hydrometer  is  accurate  enough  in  the 
mill. 

(4)  The  only  instrument  that  I  know  of  for  determining  the 
thickness  of  papers  is  a  micrometer  gauge.  This  is  usually  con- 
structed in  the  form  of  a  clamp,  and  is  either  divided  into  1000  th 
of  an  inch  or, the  IQO.th  of ^  a  mm.... Witt,  this,  any  sheet  of 
paper,  however 'Ch,4ri|  c*.U.  5>3^*n\(}a*s«Vgd;*  wi|ti;  a  t^teg.t*.  Segree  of 
accuracy,  especidly  'if '  lin-  sEesfe  hvk.  .tak^qi;  at  Ja* ftlwe  and  tlie 
recorded  nieas.urement ,  (^ivided  by  ten.  This  rnay'be  found 
advisable  wjth'/yery  tMii,|)3.per^.    Tb5r^  is;  ^ino5th§i»foi'Ci«{)f  this 
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iustrament  which  gives  the  reading  of  thickness  on  a  dial.  This 
may  be  found  more  convenient  when  the  thickness  of  paper  is 
repeatedly  taken. 

Uses.— (1)  The  thermometer  is  a  most  useful  instrument 
throughout  the  mill,  and  is  not  used  to  the  extent  it  might  be. 
I  would  mention  a  few  instances  where  it  should  be  used  inces- 
santly :  For  taking  the  temperature  when  making  up  milk  of 
rosin  size  ;  temperature  of  warm  bleach,  when  the  warm  bleach 
process  is  resorted  to  ;  temperature  of  stuff  when  it  flows  into  the 
machine  ;  temperature  in  the  sizing-trough  and  drying-room  ; 
and  in  steam  boiler-house  for  temperature  of  feed-water  in  and 
out  of  economisers. 

(2)  The  moisture  in  the  air  might  with  advantage  be  recorded 
in  the  machine-house  close  to  the  drying  cylinders  ;  in  the  drying- 
room  of  machine  loft-dried  papers  ;  in  salle  or  stores  where  paper 
is  stored.  The  advantages  of  such  records  are  obvious,  but  space 
will  not  permit  me  to  go  into  them  further. 

(3)  Specific  gravity  must,  in  all  cases,  be  recorded  where 
aqueous  solutions  of  chemicals  are  measured,  as  the  quantity  of 
a  chemical  substance  depends  not  only  upon  the  weight  or  volume 
taken,  but  also  upon  the  strength  as  recorded  by  the  hydrometer. 
In  such  cases  also,  the  record  of  the  temperature  should  be  taken, 
or  rather  the  liquid  should  only  be  measured  at  the  temperature 
at  which  the  hydrometer  is  constructed  to  be  read. 

The  strength  or  percentage  of  most  chemical  liquids  as  used 
in  the  paper  mill  can  be  arrived  at  by  taking  the  degree  Twaddle, 
and  referring  to  published  tables,  such  as  those  given  in  Bayley's 
"  Chemist's  I'ocket  Book." 

The  measurement  of  the  thickness  of  paper  of  a  given  weight 
per  ream  gives  a  direct  indication  of  its  bulking  properties.  _  If 
the  bulk  is  great,  the  measurements  in  comparison  with  weight 
will  necessarily  be  great,  and  vice  versa.  An  instrument  for  this 
purpose  will  also  be  useful  for  indicating  the  extent  to  which  the 
paper  is  reduced  during  calendering. 

Eemauks.— Notice  the  difference  between  hydrometer  and  hygrometer.  The 
former  is  an  instrument  to  measure  the  density  of  a  liquid,  and  the  latter  is  an 
instrument  for  measuring  the  moisture  saturation  of  the  atmosphere.  1  or  full 
description,  see  "  Ganot's  Physics."  The  question  of  measuring  by  means  of  a 
micrometer,  aud  inferences  to  be  drawn  from  such  measurements,  have  been  so 
fully  discussed  in  the  columns  of  Paper  and  Pulp  that  I  do  not  think  it 
necessary  to  give  any  further  particulars. 

Question  b.—Iii  hoiling  Spanish,  esparto  how  much  caustic 
soda  ivould  you  use  per  ton  of  grass,  and  at  what  dilution  ?  State 
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the  latter  as  percentage  (NaOff)  on  the  liquor,  and  from  this  the 
{approximate)  number  of  gallons  per  ton.  At  the  conclusion  of  the 
boiling,  how  would  gou  estimate  the  addition  to  volume  of  liquor  due 
to  condensation  of  steam  ?  (20.) 

Answer  5— I  would  suggest  the  use  of  18  lbs.  of  fiO  per  cent 
caustic  soda  per  cwt.  =  18  x  20  =  3(50  lbs.  per  ton.    I  should 
take  the  liquor  at  0-50!)  lb.  of  00  per  cent,  caustic  per  gallon  of 
lye,  as  given  by  Beveridge.    Since  NaOH  is  approximately  equal 
to  78  per  cent,  caustic,  the  above  strength  would  be  equivalent  in 

NaOH  to  ^'''^^^^^      =  0-39  1  lb.  NaOH  per  gallon.  The 

approximate  number  of  gallons  per  ton  can  be  calculated  from  the 
amount  of  00  per  cent,  caustic  per  ton(=  300  lbs.),  and  the 
dilution  in  lbs.  of  (50  per  cent,  caustic  per  gallon  (  =  0-50;))  — 

^0-509  ^  ^  '^^'^  gallons  per  ton  of  esparto. 

An  approximate  figure  of  gain  in  volume  of  liquor,  due  to 
condensation  of  steam,  can  be  arrived  at  by  carefully  determining 
the  total  soda,  both  before  and  at  the  conclusion  of  boil.  Sup- 
posing, merely  for  the  sake  of  argument,  the  liquor  showed  4*00 
per  cent.  NaOH  before,  and  3-15  per  cent,  at  finish,  it  would 
indicate  that  each  100  lbs.  of  original  liquor  had  become 
100  X  4-00 

 ^Tj^ —  =  127,  or  had  gained  in  volume  to  the  extent  of, 

approximately,  27  per  cent.    If  the  total  volume  of  liquor  at 
707  X  'iO 

start  was  — i^,r--  =  17G7  gallons,  the  increase  in  volume  per 
boiler  due  to  condensation  would  be,  approximately — 
1767  X  27 
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=  477  gallons. 


The  above  figures  may  be  nowhere  near  what  is  found  in 
practice,  they  9,re  merely  given  by  way  of  illustrating  the  mode  of 
calculating:. 


Remauks. — Ask  youi'self  the  question,  How  many  gallons  will  be  required 
for  360  lbs.  of  "60  per  cent,  caustic"  when  1  gallon  contains  0-509  lb.  ?  I 
presume  the  foregoing  is  the  kind  of  thing  desired  in  answer  to  this  question, 
although  it  appears  to  be  a  process  of  working  backwards.  It  seems  that  one 
Avould  naturally  know  the  volume  in  gallons  per  ton  of  the  liquor.  I  can  under- 
stand tlie  reason  for  asking  the  caustic  soda  per  ton  of  grass,  but  the  dilution  would. 
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y  should  think,  he  arrived  at  after  the  numher  of  gallons  is  known.  The  dilution 
\vould,  in  the  ordinary  course  of  events,  he  derived  from  the  total  volume,  and  not 
the  total  volume  from  the  dilution. 

Of  course  there  is  one  thing  that  might  be  done  which,  per- 
haps, the  examiners  have  in  mind.  Suppose  you  know  the  caustic 
per  ton,  the  weight  of  esparto,  and  you  add,  say,  an  unknown 
quantity  of  water'in  dissolving  up  your  soda,  you  might  calculate 
the  weight  of  water  after  analysing  the  wash  liquors  per  ton  of 
soda.  But  it  is  quite  possible  that  in  giving  the  above  answer  I 
have  not  caught  on  with  what  the  examiners  have  in  view  in 
asking  this  question. 

I  have  assumed  that  figures  as  given  in  Beveridge's  "  Pocket 
Book,"  page  5G,  are  correct,  and  I  think  I  am  justified  in  assum- 
ing that  this  is  a  reasonable  figure,  and  is  borne  out  in  practice. 

°  Notice  that  it  is  stated  that  the  figures  are  approximate  only. 
It  would  be  next  to  impossible  to  arrive  at  the  absolute  figure 
without  an  elaborate  process  of  chemical  analysis.  The  figures  are 
near  enough-  for  all  practical  purposes,  and  perhaps  more  instruc- 
tive than  if  a  more  elaborate  and  accurate  description  had  been 
given. 

In  estimating  addition  to  volume  due  to  steam  condensation, 
it  is  necessary  to  take  the  liquor  and  boiled  stuff  en  masse  to  get 
absolutely  accurate  results.  It  must  be  borne  in  mind  that  fibres 
condense  soda  from  solution  (pure  cellulose  has  this  effect  with 
many  salts  in  solution,  as  also  with  acids).  Take  a  quantity  of 
boiled  stuff  with  liquor  en  masse  as  it  is  blown  out  of  the  esparto 
boiler  under  pressure,  carefally  take  the  weight,  wash  all  liquor 
out  with  boiling  water  until  fibre  is  no  longer  alkaline,  mix  all 
washings  with  liquor,  take  weight,  and  carefally  determine  total 
soda  in  same.  The  percentage  on  total  volume  of  washings  gives 
you  the  weight  of  soda  in  sample  taken  from  boiler.  But  to  get 
at  the  percentage  of  soda  contained  in  the  liquor  at  the  time 
of  boiling,  you  must  dry  off  the  washed  fibre,  weigh,  and  deduct 
weight  of  same  from  weight  of  original  sample  before  you  can 
calculate  the  percentage  from  the  weight  found  in  washings. 
This  mode  of  procedure  sounds  complicated,  but  some  such 
method  is  needed  to  ensure  anything  like  accuracy. 

An  approximate  figure  is  got  by  the  method  explained  in  the 
above  answer  ;  this,  I  presume,  is  what  the  examiners  intended. 

For  the  conversion  of  GO  per  cent,  soda  to  NaOH,  I  have 
taken  the  ratio  of  GO  to  78  as  being  near  enough  to  the  real 
figure.    As  a  matter  of  fact,  it  is  not  possible  to  arrive  at  the 
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exact_  equivalent  by  calculation.  I  should  advise  all  young 
chemists  to  read  carefully  Cross  &  Bevan's  paper  on  "  The 
Economy  of  Pure  Caustic  Soda,"  Society  of  Chemical  Industry 
Journal,  April  30,  1899.  The  author  shows  that  GO  per  cent, 
caustic,  by  reason  of  the  retarding  influence  of  its  impurities, 
has  not  the  same  value  for  boiling  ^^ro  rata  with  77-78  per  cent, 
caustic,  which  is  practically  pure  NaOH,  as  furthermore  they 
show  that  the  ordinary  method  of  titrating  "  60  per  cent."  soda 
solution  gives  erroneous  results. 

Question  6. —  What  style  of  damper  do  yoa  consider  most  suit- 
able/or damping  (1)  super-calendered printinffs,  (2)  imitation  parch- 
ments, (3)  glazed  casings,  (4)  soft-sized  friction-glazed  printings  ? 
Give  practiced  details  to  be  observed  in  damping  each  of  the  papers 
named.  (20.) 

Answer  6. — Milne's  Patent  Damper  appears  to  be  the  best 
for  fine  papers,  and  the  spray  blown  from  the  meshes  of  the  wire 
which  trails  through  the  water-box  is  beautifully  fine  and  regular 
for  imitation  parchments.  For  glazed  casings,  any  of  the 
ordinary  types  of  brush  damper  are  good.  The  best  results  are 
obtained  by  damping  the  paper  after  it  has  been  cooled.  Milne's 
Patent  Damper  possesses  the  following  features,  which  are  neces- 
sary in  any  first-class  damper  : — 

1.  Perfect  regularity  and  uniformity  in  the  quantity  of  water 
applied. 

2.  Very  fine  subdivision  of  the  particles  of  water. 

3.  Great  range  of  the  quantity  that  can  be  applied. 

4.  Easy  and  perfect  adjustment  of  the  quantity  to  suit  the 
various  papers,  so  that  a  repeat  order  can  be  damped  correctly 
without  doubt  or  trouble. 

In  arrangement  this  machine  consists  of  a  wire  cloth  mounted 
on  copper  rolls.  One  of  these  rolls  is  jacketed  and  runs  in  a 
trough  of  water,  and  imparts  the  water  to  the  wire  cloth.  The 
wire  carries  the  water  forward  to  the  blast  pipe,  the  air  from 
which  discharges  it  on  to  the  paper  below. 

The  quantity  of  water  is  regulated  by  the  speed  of  the  wire 
cloth,  and  cone  gearing  is  arranged  for  this  purpose.  It  is  usual 
to  run  the  wire  cloth  from  25  to  75  feet  per  minute,  as  it  meets 
all  ordinary  requirements.  Messrs.  Bertrams,  Limited,  made  a 
test  with  one  machine  to  ascertain  the  quantity  of  water  dis- 
charged, which  gave  the  following  results  with  a  wire  50  mesh, 
84  inches  wide  :  When  running  at  17^  feet  per  minute,  1-3  lb. 
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of  Winter  per  minute  were  discharged  ;  and  when  at  59  feet  per 
minute,  10  lbs.  of  water  were  discharged  per  minute. 

The  first  machines  were  fitted  with  60-mesh  wire  cloth,  but 
the  spray  was  found  to  be  so  fine  that  it  has  been  found  advisable 
to  increase  the  mesh  gradually  to  40  and  35.  The  wider  the 
mesh  the  larger  the  quantity  of  water. 

It  will  be  seen  that  absolute  uniformity  is  ensured  by  the 
wire  cloth  being  filled  by  the  jacketed  roll  and  emptied  by  the 
blast  pipe.  The  subdivision  is  very  fine,  as  in  each  inch  of 
width  of  wire  there  are  40  or  more  drops,  each  of  which  is  broken 
up  by  the  air  blast  into  many  more.  The  higher  the  blast 
pressure  the  greater  the  pulverisation. 

It  is  not  an  easy  matter  to  give  any  opinion  as  to  the  require- 
ments of  the  various  kinds  of  paper,  or  the  various  methods  of 
damping,  but  uniformity  is  necessary  if  the  best  results  are  to  be 
obtained,  and  in  this  particular  Milne's  Patent  Damper  gives 
excellent  results.  They  have  been  successfully  applied  to  damp- 
ing fine  papers  at  250  feet  per  minute,  which,  however,  is  an 
unnecessary  speed,  as  the  damper  does  not  require  to  run  quicker 
than  the  calender.  Dampers'  of  this  style  are  running  on  the 
finest  papers. 

It  appears  evident  that  this  machine  would  give  good  results 
in  mottling  paper  if  colour  were  used  instead  of  water,  but 
Messrs.  Bertrams,  Limited,  inform  me  that  they  have  not  yet 
had  an  opportunity  of  trying  this. 

Por  most  of  the  foregoing  information  I  am  indebted  to 
Messrs.  Bertrams,  Limited,  of  Edinburgh. 

The  "  spray  box  "  of  Paul  Lechler  appears  to  give  excellent 
results  at  high  pressures  of  water  for  the  purpose  of  damping, 
and  is  remarkably  simple  in  construction.  It  will  be  referred 
to  in  connection  with  another  answer,  where  a  description  of  its 
working  will  be  given. 

Question  7. — State  wliat  you  hioiv  of  the  composition  of  bleach- 
iiij  powder  and  the  UeacMng  action  of  the  hypo^Jilorites.  How 
would  you  carry  out  the  Ueachiny  of  half -stuff  so  as  to  provide  for 
an  ifiter mediate  tvashiny  of  the  2ndp?  What  are  the  advaniayes  of 
so  doing?  (25.) 

Answer  7. — Chloride  of  lime  or  bleaching  powder.  This 
well-known  body  was  originally  considered  to  be  a  compound  of 
chlorine  and  lime.  Balard,  in  1834,  was  the  first  to  give  an 
explanation  of  the  constitution  of  this  compound,  and  his  ex- 
planation has  from  that  time  been  generally  adopted.  According 


108 


to  this  view,  bleaching  powder  is  a  mixture  of  calcium  hypochlorite 
and  calcium  chloride,  Ca(OCl.,)  +  CaCl.,.  Another  view  of  the 
constitution  of  bleaching  powder  has  been  taken  by  Odling.  He 

looks  upon  this  substance  as  a  kind  of  double  salt,  CajQ^}  being 

at  the  same  time  a  chloride  and  a  hypochlorite. 

Chloride  of  lime  is  obtained  by  the  action  of  chlorine  gas  upon 
dry  slaked  lime.  When  chlorine  is  passed  into  milk  of  lime,  a 
reaction  which  is  analogous  to  the  formation  of  Eau  de  Javelle 
takes  place. 

2Ca(OH2)  +  2G],  =  CaCl,  +  Ca(OCl,)  +  2E,0 

If,  however,  dry  slaked  lime  be  employed,  a  large  proportion 
of  the  lime  remains  unaltered.  This  fact  was  formerly  explained 
by  the  supposition  that  the  calcium  chloride  produced  forms  a 
coating  round  the  particles  of  lime  which  prevents  the  further 
action  of  the  chlorine.  But  even  if  the  mixture  be  from  time 
to  time  well  rubbed  down  in  a  mortar,  and  then  again  treated 
with  chlorine,  it  is  not  possible  to  obtain  a  material  containing 
more  than  40  per  cent,  of  available  chlorine.  Hence  this  sub- 
stance would  appear  to  be  a  mixture  of  basic  salt  with  chloride 
of  calcium,  according  to  the  formula. 

8Ca(0H),  +  201,  =  2Ca{0H  ^  ^^^^^  ^  ^^^^ 

If  water  be  added  to  this  product  the  soluble  chloride  dis- 
solves and  the  basic  hypochlorite  decomposes  as  follows  : — 

^LajQjj-  ta^Qjj  +  LajQ^j 

In  practice  it  is  found  that  11  cwt,  of  caustic  lime  are 
required  to  form  one  ton  of  bleaching  powder.  In  the  pre- 
liminary slaking  and  dressing  of  the  lime,  probably  li  cwt.  is 
lost.  The  lime  ready  for  use  contains  about  25  per  cent,  of 
water  and  1-2  per  cent,  of  carbon  dioxide,  so  that  20  cwt.  of 
bleaching  powder  would  be  made  up  as  follows  : — 

Cwt. 

Lime...       ...       ...       ...       ...       ...       ...  <)-5 

Water,  25  per  cent,  on  the  100  of  hydrated  lime...  3-2 
Chlorine,  35  per  cent,  on  the  finished  bleaching 

powder — say    ...        ...       ...        ...        ...  7-3 


Bleaching  powder  ...  20*0 
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The  intermediate  washing  can  be  done  as  follows :  The 
simplest  way  is  to  exhaust  from  8  to  10  per  cent,  bleach  on  the 
pulp,  then  add  about  1  per  cent,  carbonate  of  soda  and  that  run 
down  on  the  presse-pate.  This  gives  a  beautiful  cleanse,  and  a 
mere  touch  of  bleach  afterwards  is  usually  sufficient  to  bring  it 
up  clear.    The  drum  washer  scheme  is,  of  course,  available. 

I  am  informed  that  Messrs.  Sommerville  have  a  continuous 
plan,  and  that  both  De  Naeger  and  Cowans  have  systems  of 
their  own. 

Eemabks.— The  importance  of  an  intermediate  washing  where  a  large 
amount  of  bleaching  has  to  be  done  is  worth  nothing.  It  is  often  impossible  to 
do  the  whole  of  the  bleach  in  one  operation.  The  bleaching  should  be  conducted 
up  to  a  certain  stage,  and  the  by-products  should  be  removed  before  any  further 
bleaching  is  attempted.  The  accumulation  of  by-products  from  bleaching  has  a 
retarding  effect,  and  it  also  destroys  any  fresh  chlorine  that  may  be  added,  hence 
to  bleach  economically  the  process  should  be  conducted  in  two  operations.  By 
the  use  of  alkali  after  the  first  bleach,  the  by-products  are  easily  removed,  and 
the  semi-bleached  material  so  cleansed  that  only  a  small  amount  of  bleach  is 
required  afterwards  to  complete  the  bleaching. 

The  first  portion  of  the  answer  dealing  with  the  constitution  and  manufacture 
of  bleaching  powder  is  taken  from  "  Roscoe  and  Schorleramar,"  part  i.,  vol.  ii. 

Question  8. — State  fully  the  treatment  you  would  adopt  to 
impart  to  a  strong  lool  paper  the  characteristics  of  a  hand-made 
sheet.  Give  f  urnish  you  would  use,  with  'proportions  of  boiling  and 
blecu-hing  liquors ;  the  duration  of  treatment  in  each  department, 
and  reasons  for  tlie  adoption  of  any  special  appliances.  (30.) 

Answer  8.— 

Furnish.  Per  cwt.  Pressure.  Boil. 

25  per  cent,  strong!  ^  ^^^^  ^^^^t.  soda.   ?>0  lbs.   6  hours. 

Imen  |  ^ 

25  per  cent,  strong )  3  ^^^^  ^^^^^   g^,  ^^^^    q  ^^^^^^ 

unbleached  cottons  |  ^ 

50  per  cent,  clean!      ^^^^^^  ^^^^^  ^^^^^  g^)  ^^g^  4  ^^^^^^ 

cottons        )  - 

Strong  linen,  10  per  cent,  to  12  per  cent,  of  bleach  if  there 
are  many  black  threads,  but  if  not,  possibly  6  per  cent,  to  8  per 
cent,  would  suffice.  Unbleached  cottons,  4  per  cent,  to  6  per 
cent,  bleach.  Clean  cottons,  1  per  cent,  to  3  per  cent,  bleach. 
Washing,  bleaching,  and  breaking  can  be  done  in  about  4  hours. 
Beat  8^hours  with  heavy  engines  and  put  roll  down  gradually, 
though  it  may  be  necessary  to  grip  a  little  just  to  get  the  stuff 
to  travel  at  first,  but  it  should  be  eased  off  as  soon  as  the  stuff" 
begins  to  open  out.    Phospher-bronze  bars  and  plates  make  the 
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best  job  of  the  stuff  when  wanted  to  work  wet  and  look  cloudy 
like  hand-made. 

Annandale's  patent  makes  the  best  imitation  through  having 
the  pump  pull  the  fibres  down  when  the  stuff  is  rushing  about, 
just  under  the  sluices,  but  it  may  be  advantageous  to  use  a  short 
apron  so  as  to  allow  of  the  tube-rolls  drawing  out  the  water,  and 
thus  forming  a  layer  of  fibres  before  the  natural  flowing  end- 
on  action  begins.  There  must  not  be  any  rush  of  stuff  on  to  the 
wire  or  you  will  get  most  of  the  fibres  end  on,  jast  as  logs  float 
down  stream. 

It  is  necessary  to  realise  the  differences  between  hand-made 
and  machine-made  papers.  First  of  all,  of  course,  the  fibres  of 
the  machine-made  sheet  are  mostly  in  the  direction  of  the  web, 
and  consequently  the  paper  is  stronger  when  pulled  in  the  direc- 
tion of  the  web  than  when  pulled  across  the  web.  There  are 
other  important  differences  which  are  not  properly  realised,  viz., 
the  shrinkage  takes  place  almost  entirely  across  the  sheet.  A  web 
of  paper  would,  if  allowed  to  shrink  freely,  become  considerably 
reduced  in  length,  but  in  consequence  of  the  pull  on  the  sheet  of 
paper  on  the  machine  it  is  prevented  from  doing  so.  The  paper, 
therefore,  is  dried  under  strain.  Measurements  taken  of  the  length 
of  paper  between  the  join  marks  of  the  machine-wire  show  that 
there  is  an  absolute  elongation  in  some  cases  if  these  measure- 
ments are  compared  with  the  length  of  the  machine-wire  itself. 
The  pull  exerted  on  the  sheet  whilst  it  is  in  a  wet  or  half-wet 
condition  preventing  it  drying  naturally,  must  materially  affect  its 
strength. 

The  next  point  is  the  couching.  "With  a  machine-made  paper 
this  is  done  by  means  of  a  felt-covered  roll  running  in  contact 
with  the  wire.  The  pressure  is  along  a  line,  and  is  never  a  flat 
pressure,  but  is  a  pinching  or  shearing  pressure,  and  also  the 
pressure  is  only  exerted  for  a  moment. 

With  hand-made  paper  the  sheets  are  placed  between  felts 
and  submitted  to  flat  pressure.  This  constitutes  an  important 
difference,  as  besides  being  a  flat  pressure  it  is  exerted  for  some 
considerable  period  of  time,  assisting  in  the  felting  and  compact- 
ing of  the  sheet  whilst  the  water  is  draining  out.  By  taking  a 
sheet  of  paper  after  it  has  passed  the  wire  and  pressing  it  between 
felts  and  drying  as  with  hand-made,  the  paper  is  found  in  some 
cases  to  be  40  to  .50  per  cent,  stronger  than  the  same  paper 
finished  on  the  machine  and  dried  on  steam-cylinder. 

There  is  no  disposition  to  shrink  in  area  during  couching,  as 
there  is  no  drying  taking  place.    This  undoubtedly  accounts  for 
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an  important  difference  in  the  strength  as  well  as  in  the  appearance 
of  machine  and  hand-made  papers.  It  also  assists  to  obliterate 
the  wire-mark,  and  undoubtedly  gives  a  superior  strength  to  the 
hand-made  sheet. 

Annandale's  idea  is  to  get  the  fibres  well  mixed  together. 
One  great  drawback  of  machine-made  papers  would  be  overcome 
to  a  large  extent  if  tbis  method  could  be  applied  successfully. 
Machine-made  paper  tears  more  readily  in  the  direction  of  the 
web  than  across  the  web,  due  to  the  fibres  arranging  themselves 
in  the  direction  in  which  the  machine  is  running. 

In  order  to  arrange  the  fibres  in  all  directions  the  material 
must  be  shaken  equally  both  laterally  and  longitudinally.  This 
is  possible  with  hand-made  paper,  but  not  on  the  ordinary  Four- 
drinier  machine.  Annandale's  method  requires  a  good  deal  of 
alteration  to  the  machine  to  make  it  workable.  Such  a  process 
is  desirable  in  the  manufacture  of  high-class  papers,  which,  if  at 
all,  should  expand  and  contract  uniformly  with  change  of  atmo- 
spheric influences.  It  is  desirable  also  for  paper  used  for  water- 
colour  drawings. 

Paper  supposed  to  have  the  characteristics  of  hand-made 
paper  is  made  on  a  cylinder  machine,  and  in  the  desired  sizes. 
These  sheets  are  obtained  on  the  cylinder  by  arranging  bands  on 
the  same.  In  the  place  where  these  bands  are  on  the  cylinder 
less  stuff  is  collected,  and  in  that  way  the  irregular  borders  are 
formed  as  they  appear  in  hand-made  paper.  Paper  made  as  above 
gave  the  following  results  ; — 

Imitation  hand-made  white.  Size  of  sheet,  12  in.  x  4^  in.  ; 
thickness,  O'lO  mm. 

Paper  length-wise  of  sheet.  Breaking  strain  on  strip  1  in. 
wide  expressed  in  pounds — 

(1)  85,  31,  31,  32  =  mean  32-5  lbs. 

Across- wise  of  sheet — 

(2)  20-.5,  20-0,  19-5,  19-5  =  mean  19*9  lbs. 

Eatio  of  2  to  1 — ■ 

19-9  :  32-.5  :  :  100  :  1G2 

Imitation  hand-made  blue  paper,  10  in.  x  7|  in. 
Cross-wise — • 

(1)  22-9,  23-1,  23-6,  22-0  =  mean  22-9 

Length-wise — 

(2)  lG-7,  lG-7,  17-2,  lG-8  =  16-8 
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Ratio  of  2  to  1 — 

10-8  :  22-9  :  :  100  :  136 
mean  100  :  149 

There  is  a  much  greater  stretch  in  the  weaker  direction  than 
in  the  stronger.  The  stretch  is  mcstly  near  the  breaking-point. 
As  the  pointer  nears  the  breaking-point  it  stands  stationary,  or 
nearly  so,  whilst  the  machine  is  further  wound.  Showing  that 
the  stretch  takes  place  almost  entirely  near  the  breaking-point. 

Hand-made  paper  on  mould. 

Length-wise — 

9-0,  10-5,  17-0  =  12-25 

Across — ' 

11-0,  14-8  =  12-90 

Showing  practically  no  difference  in  mean  of  each  direction. 
The  inference  is  that  whereas  real  hand-made  shows  little  or  no 
difference  in  the  two  directions  of  sheet,  the  imitation  hand-made 
of  about  same  size  shows  a  difference  of  36  to  49  per  cent.  ;  and 
the  further  inference  is  that  whereas  imitation  hand-made  on 
cylinders  can  be  produced  to  have  a  close  resemblance  to  real 
hand-made,  it  differs  nevertheless  in  physical  qualities  in  that  it 
shows  great  differences  in  other  ways  of  the  sheet,  both  in  strength 
and  stretch.  ^ 

Question  9. —  W/tat  compounds  of  cellulose  are  soluble  in  water, 
and  how  are  they  prepared  f  Which  of  these  are  used  in  paper- 
malting,  and  what  are  the  special  effects  they  produce  f  (25.) 

Answer  9. — 

(1)  A  compound  of  cellulose  known  as  viscose. 

(2)  Cellulose  cuprammonium. 

(3)  Cellulose  dissolved  under  the  action  of  zinc  chloride. 

(4)  Cellulose  treated  with  sulphuric  acid. 

(1)  Cellulose  is  combined  with  caustic  soda,  which  gives  the 
following  product — 

(C,3H,oOio  +  2NaOH) 
This  first  operation  was  effected  many  years  ago  by  Mercer, 
whence  the  name  "mercerised  cellulose."  Although  soluble  in 
water,  the  substance  can  only  be  preserved  by  keeping  it  from  the 
air.  Vapour  of  water,  as  well  as  carbonic  acid,  decomposes  it 
into  carbonate  and  hydrate  of  soda,  and  a  derivation  of  cellulose 
coloured  blue  by  iodine. 
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Mercerised  cellulose  is  treated  with  carbon  bisulphide  at 
ordinary  temperature,  the  resultant  being  cellulose  sautliate.  The 
reaction  can  be  interpreted  according  to  the  two  following 
forniula3 — 

(1)  C,,H,,0«OH  +  2NaOH  +  CS,  =  c|^f  -^^^^.^QSNa 

(2)  C,.H,AOH  +  NaOH  +  OS.  =  cj^f -%oSNa 

In  the  arts  mercerised  cellulose  is  prepared  by  well  titrating 
100  parts  of  cellulose  (preferably  of  cotton)  to  a  very  divided 
state  with  300  parts  of  a  solution  of  caustic  soda  (15  per  cent.). 
It  is  very  important  that  the  cellulose  be  well  divided  and  well 
impregnated  with  soda.  Cellulose  so  prepared  possesses  a  thick 
consistency, 

Xanthate  of  cellulose  is  also  produced  when  100  parts  of 
mercerised  cellulose  are  introduced  in  a  vessel  kept  in  a  rotary 
motion,  together  with  five  to  ten  parts  of  carbon  bisulphide, 
which  is  admitted  little  by  little,  the  whole  being  preserved  from 
contact  with  the  air.  The  mixture  must  be  as  intimate  as  pos- 
sible. At  the  commencement  of  the  operation  heat  is  involved, 
and  the  reaction  is  terminated  after  an  hour  or  two. 

The  mercerised  fibre  is  then  transformed  into  a  gelatinous 
substance,  its  yellow  tint  being  due  to  the  sulpho-carbonate  of 
soda,  CSgNa.,  and  other  products  of  the  reaction.  The  mass  is 
then  treated  with  an  equal  volume  of  water,  and  at  the  termina- 
tion of  several  hours,  after  the  addition  of  a  further  quantity  of 
water,  the  solution  is  complete.  ^  . 

Yiscose,  prepared  as  above,  is  used  in  the  beater  as  a  sizing 
agent  to  give  strength.  It  is  precipitated  by  means  of  zinc  sul- 
phate and  other  precipitating  agents  together  with  alum.  The 
quantity  used  may  vary  from  1  to  5  per  cent,  (cellulose),  on  the 
weight  of  the  furnish  according  to  requirements. 

There  are  special  precautions  necessary  for  the  preparation  of 
viscose  for  this  purpose,  which  cannot  be  discussed  here. 

(2)  Cellulose  cuprammonium.  This  solution  can  be  prepared 
on  a  small  scale  by  taking  cotton  wool  mixed  with  a  few  copper 
filings,  and  passing  strong  ammonia  through  and  drawing  air 
through  at  the  same  time.  The  solution  will  assume  a  deep  blue 
colour  and  dissolve  the  cellulose.    This,  on  evaporation,  gives  a 

film.  ^  ^ 

The  process  is  used  in  a  somewhat  different  manner  for  the 
preparation  of  the  well-known  Willesden  canvas  and  paper.  A 
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solution  is  prepared  which  acts  superficially  on  the  cloth,  partially 
converting  same  into  a  solution  of  cellulose.  "When  the  ammonia 
is  dried  off  this,  the  paper  is  rendered  rot-proof,  as  well  as 
strengthened  and  hardened. 

(3)  Zinc  chloride  will  dissolve  cellulose  when  used  in  strong 
solution  to  a  syrupy  liquid  or  a  plastic  mass.  This  is  made  use 
of  for  the  production  of  incandescent  electric  lamp  filaments, 
which,  when  carbonised,  are  used  in  the  ordinary  incandescent 
lamp.  Zinc  chloride  is  also  used  to  act  on  sheets  of  paper,  which 
are  stack  together  to  make  up  boards  of  different  thicknesses. 
The  zinc  chloride  is  removed  by  washing,  and  when  dried  is  found 
to  be  very  hard  and  tough.  This  product,  under  the  name  of 
vulcanized  fibre,  is  used  largely  for  electrical  work. 

(4)  Strong  sulphuric  acid  dissolves  pure  cellulose.  But  before 
entering  into  solution  the  cellulose  becomes  gelatinous.  If  this 
treatment  is  applied  to  a  web  of  paper  for  a  few  minutes,  and  the 
paper  afterwards  washed  to  remove  all  trace  of  acid,  it  is  very 
much  toughened  and  rendered  resistant  to  water.  This  process 
is  used  for  the  manufacture  of  parchment  papers,  and  was  origi- 
nally patented  by  De  la  Eue  many  years  ago. 

Question  10.— Describe  CorneWs  sijstem  of  handling  and 
treating  esparto,  and  discuss  its  merits  compared  with  any  other 
system  you  are  acquainted  with.  (25.) 

Answee  10.— Cornett's  system.  The  chief  advantage  of  his 
plan  is  that  he  keeps  the  esparto  in  such  a  state  that  it  will  flow 
through  pipes  to  various  departments,  and  thus  saves  a  great  deal 
of  labour  and  handling.  There  is  really  nothing,  I  believe,  new 
in  his  ideas,  but  he  had  the  foresight  to  lay  down  the  mill  on 
scientific  principles,  and  is  now  reaping  the  benefit  in  these  days 
of  competition. 

Cornett's  system  of  treating  esparto  consists  of  passing  the 
boiled  grass  through  a  "  cone  breaker "  to  reduce  it  to  a  pulp 
without  breaking  up  the  roots,  &c.  The  pulp  flows  from  the 
"cone  breaker"  to  a  stuff  chest,  from  which  it  is  pumped  to 
sand-tables  and  strainers  to  remove  impurities,  allowing  the  clean 
pulp  to  flow  to  another  stuff  chest,  as  much  water  being  removed 
as  is  necessary  to  leave  the  pulp  ready  for  bleaching  before  it 
passes  to  chests. 

From  this  latter  chest  the  pulp  is  pumped  to  potchers  and 
bleached,  being  afterwards  run  into  chests  and  passed  over  the 
presse-piite  in  the  usual  manner. 

There  is  a  strong  family  likeness  between  this  system  and  the 
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"  green"  presse-pate  system,  which,  for  some  reason,  never  "  caught 
on,"  although  it  is,  no  doubt,  the  most  rational  method. 

The  actual  difference  between  the  two  systems  consists  m  the 
application  of  the  "  cone  breaker,"  instead  of  a  potcher  to  prepare 
the  stuff  for  the  sand-tables  and  strainers,  which  are  the  real 
cleansers  and  the  essence  of  both  systems.  ^ 

A  potcher  will  prepare  the  stuff  equally  as  well  as  a  '  cone 
breaker,"  and  will  at  the  same  time  complete  the  washing,  allow- 
ing the  stuff  to  go  to  the  strainers  clear  of  soda. 

An  objection  to  both  systems  is  the  space  required  ;  the 
number  of  stuff  chests  and  pumps  and  piping,  which,  although 
they  save  labour,  increase  complications  otherwise. 

Opinions  differ  as  to  the  advantages  of  Cornett's  system  : 
many  seem  to  be  against  it.  One  says  it  reduces  the  cost  of 
bleaching  but  requires  better  boiling,  while  others  say  the  mtro- 
duction  of  centrifugal  pumps  on  the  bleaching  engmes  has 
increased  the  work  required  from  the  beaters,  probably  owmg  to 
the  "greasing"  action  of  these  pumps  as  compared  with  the 
action  of  a  roll  on  the  pulp  previous  to  the  beating. 

Altogether  the  results  obtained  do  not  seem  to  warrant  the 
expenditure  on  plant  and  space,  as  compared  with  the  usual 
system  of  washing  and  bleaching  in  potchers  and  passing  over 
presse-pate.  The  potchers  should  either  be  fitted  with  slow- 
running  paddles,  or  with  rolls  kept  well  clear  of  bedplates,  which 
do  quite  well  made  of  cast  iron.  _      i  .  .i. 

To  get  clean  pulp  by  either  system  it  is  imperative  that  tbe 
cut  of  strainers  be  fine,  to  allow  only  ultimate  fibres  to  pass 
throu<^h  the  action  of  diaphragm  gently,  and  that  there  be  ample 
surfac°e  of  strainer  plates.  The  most  usual  mistake  made  m  this 
direction  is  to  have  too  few  strainers,  which  require  strong  suction 
to  pull  the  quantity  of  stuff  through,  causing  much  of  the  im- 
purities to  pass  with  the  clean  pulp. 

Remakks.— A  well-knowu  paperinaker  has  given  me  his  opinion,  which  is 
partly  expressed  in  the  above.  I  am  also  indebted  to  Messrs.  Bertrams,  Limited, 
lor  their  help. 

Question  U  —Wkat  materials  are  used — 

(«)  For  iveightiiig  or  loading  papers  in  the  engine ; 

(b)  For  surfacing  or  coating; 

(c)  For  colouring  (in  the  Imter),  red,  blue,  yelloiv,  and  btackj 
{Mention  one  pigment  and  one  soluble  dye  in  each  case).  (25.) 
Answer  11.— («)  Clay,  terra  alba,  pearl  hardening,  asbestos, 

blanc  fixe,  yellow  ochre,  agalite,  chalk. 
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(b)  Clay,  blanc  fixe,  satin  white. 

(0  Venetian  red,  cochineal,  ultramarine,  Paris  blue,  yellow 
ochre,  brilliant  yellow,  lamp-black,  nig-rosine. 

Question  l-2.—  W/iat  precautions  would  you  tale  to  precent 
Jrot  i  and  air  buMles  ivhen  mahing  thin  printings  at  a  fast  speed, 
W'Uli  ajurmsh  of  30  per  cent,  hrole  and  70  per  cent,  esparto  ?  (20.) 

Answee  12.— The  best  method,  in  my  opinion,  of  overcomino- 
the  troth  and  air  bubbles  when  running  at  a  fast  speed,  is  to  dis°- 
tribute  a  fine  spray  of  water  in  the  form  of  a  fine  rain  in  a  reo-ular 
stream  across  the  end  of  the  sand-table.  I  do  not  know  of  any 
better  method  of  doing  this  than  by  the  use  of  Lechler's  Water 
bpray  Diffuser,  made  by  Paul  Lechler,  of  Stuttgart.  These  spray 
boxes  should  be  placed  at  a  distance  of  about  a  foot  apart  on  a 
one-inch  pipe,  and  about  one  foot  from  the  end  of  the  sand-trap 
of  the  paper  machine.  Thus,  for  instance,  four  diffusers  will  be 
sufiicient  to  cover  a  width  of  five  feet.  The  size  of  the  particles 
of  the  spray  can  be  regulated  by  altering  the  size  of  the  nozzle 
which  ^  the  makers  supply.  For  destroying  scum  or  froth  the 
2?  or  p  in.  nozzles  are  generally  used.  It  is  important  to  have 
a  good  pressure  of  water,  and  where  such  is  not  available  a  pres- 
sure pump  should  be  used. 

This  fine  drizzle  falling,  as  it  does,  in  the  form  of  small  par- 
ticles on  the  froth,  breaks  the  film  and  bursts  the  bubbles.  This 
appears  to  be  a  most  effective  way  of  dispersing  the  froth  There 
are_  other  means  of  doing  this,  such  as  by  using  some  substance 
which  will  overcome  the  surface  tension  of  the  bubbles,  causing 
them  to  break.  Frothing  is  often  the  result  of  some  mechanical 
defect  in  the  way  the  stuff  is  manipulated.  The  stuff"  should  be 
made  to  flow,  and  manipulated  in  such  a  way  as  to  agitate  the 
surface  as  little  as  possible. 

Any  amount  of  agitation  below  the  surface  is  not  calculated 
to  produce  froth.  The  cause  or  causes  of  frothing  are  in  a  large 
measure  a  mystery.  There  are  undoubtedly  several  causes— one 
the  liberation  of  CO,,  as  the  result  of  agitation  ;  another,  the 
presence  of  soluble  bodies  as  impurities  in  the  rosin,  as  exist  in 
the  saponaria,  giving  rise  to  a  permanent  lather  or  froth,  even 
when  present  in  minute  quantities,  such  as  one  per  million  But 
whatever  the  cause,  at  times  a  scum  is  unavoidable,  hence  the 
necessity  of  some  ready  means  of  dispersing  it. 
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Honours  Grade. 
1902. 

Question  1. — Permanganate  of  potassium  is  used  as  a  lleaching 
agent  in  tieutral  solution.  How  does  it  t)reak  np,  and  what  further 
treatment  of  a  pidp  would  le  required  to  eliminate  the  products  of 
decomposition  ?  Compare  approximately  the  cost  of  this  bleach  at 
£50  per  ton  for  KMnOi,  with  that  hy  Ueaching  powder  of '35' 5  per 
cent.    available  CI  "  at  £6  10s.  per  ton.    (25  marlcs.) 

Answer  1. — It  has  been  known  for  a  long  time  that  potassium 
permanganate  is  a  powerful  bleaching  agent,  and  attempts  have 
often  been  made  to  utilize  it  commercially ;  but,  as  far  as  I  am 
aware,  these  attempts  have  not  been  attended  with  very  great 
success.  Potassium  permanganate  is  well  known  in  commerce  for 
its  disinfecting  properties.  It  exists  as  small  needle-shaped 
crystals.  It  dissolves  in  about  15  times  its  weight  of  cold  water, 
producing  a  deep  violet-red  solution.  When  it  comes  in  contact 
with  any  substance  capable  of  being  bleached,  the  permanganate 
colour  is  discharged  from  the  solution,  and  the  bleached,  or  partly 
bleached  substance  becomes  coated  with  a  thin  brown .  film  of 
oxide  of  manganese.  When  1,500  lbs.  of  soda  ash  is  heated  to 
redness  with  finely  divided  manganese  dioxide,  a  mixture  consist- 
ing of  manganate  and  permanganate  of  soda  is  formed.  This  is 
valuable  as  a  disinfectant  when  dissolved  in  water,  and  it  is  to 
this  substance  that  Condy's  Fluid  owes  its  antiseptic  properties. 
In  order  to  convert  the  whole  of  the  manganate  contained  in  the 
above  mixture  into  permanganate,  it  is  neutralised  with  sulphuric 
acid,  and  evaporated  until  Glauber's  salt  begins  to  separate  out. 
Sodium  manganate,  a  commercial  substance  that  can  be  used  in 
place  of  the  above,  is  both  cheaper  and  contains  a  greater  per- 
centage of  available  oxygen  for  bleaching  purposes. 
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When  we  come  to  consider  the  relative  merits  of  these  two 
substances,  it  will  be  seen  that  there  are  serious  difficulties  when 
using  sodium  manganate,  which  appear  to  be  sufficient  to 
prevent  it  coming  into  commercial  use.  Potassium  permanganate, 
KaMuaOg,  gives  up  some  of  its  oxygen  in  contact  with  unbleached 
material,  forms  a  coating  of  black  oxide  of  manganese.  The 
action,  when  complete,  is  as  follows  : — 

KoMn^Os    =    K,0    +   2Mn02   +  0,, 

I'otassium  Potassium        Black  oxide  Bleacliing 

permanganate  oxide  or  manganese  oxygen 

On  the  addition  of  a  mineral  acid,  such  as  sulphuric,  the  dark 
coating  is  dissolved,  and  the  material  is  found  to  be  bleached  or 
partly  bleached.  The  film  of  oxide  at  the  time  of  decomposition 
is  generally  of  a  brown  colour,  and  being  precipitated  in  a 
hydrated  condition  is  readily  removed  by  the  acid.  The  coating 
of  manganese  dioxide  is  quickest  removed  by  the  addition  of 
sulphurous  acid.  As,  during  the  reaction,  an  amount  of  caustic 
potash  equal  to  the  potassium  contained  in  the  potassium  per- 
manganate is  liberated,  any  acid  added  for  the  removal  of  the 
black  oxide  has  first  to  neutralise  the  alkali. 

It  is  sometimes  found  preferable  to  remove  the  alkali  by 
washing,  and  to  add  the  necessary  amount  of  acid  afterwards  for 
the  removal  of  the  manganese  dioxide.  Three  hundred  and  sixteen 
pounds  of  pure  potassium  permanganate  would  give  us  48  lbs.  of 
bleaching  oxygen,  which  is  equal  to  15'2  per  cent.  As,  however, 
the  commercial  salt  contains  about  94  per  cent,  of  KaMuoOg,  the 
amount  of  bleaching  oxygen  may  b3  reckoned  at  one-seventh  of 
its  weight. 

It  must  be  remembered  that  the  strength  of  bleaching  powder 
is  reckoned  by  the  amount  of  available  chlorine  it  contains,  which 
is  generally  35  per  cent.  This  is  equal  to  8  per  cent,  of  bleaching 
oxygen.  From  these  figures  we  see  that  4  tons  of  potassium  per- 
manganate would  supply  as  much  bleaching  oxygen  as  7  tons  of 
bleaching  powder.  This  must  be  taken  into  consideration  when 
comparing  the  cost  of  the  two  substances.  But  this,  however,  is 
by  no  means  all  we  have  to  consider,  as  the  bleaching  oxygen  in  a 
permanganate  solution  is  entirely  different  in  its  action  from  the 
oxygen  liberated  by  means  of  the  chlorine  in  bleaching  powder. 
To  begin  with,  permanganate  bleaches  almost  simultaneously, 
whilst  bleaching  powder  takes  hours  and  sometimes  days  to 
complete  its  action. 

When  a  fibre  is  bleached  by  permanganate  the  action  is 
suddenly  stopped  by  the  incrustation  of  the  black  oxide,  which 
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prevents  any  further  action  of  the  oxygen.  Often  the  action  is 
so  rapid  as  to  oxidise  the  cellulose  ;  to  prevent  this,  the  per- 
manganate must  be  used  in  very  dilute  solution.  If  one  operation 
is  not  enough  to  effect  sufficient  bleaching,  the  coating  of  black 
oxide  can  be  removed  by  the  addition  of  sulphurous  acid,  and, 
after  washing,  the  operation  can  be  repeated. 

I  made  some  comparative  experiments  on  a  large  scale  in  a 
breaker.  I  took  2  cwts.  of  unbleached  rag  half-stuff  and  bleached 
it  up  to  a  certain  colour  by  the  addition  of  a  known  weight  of 
bleaching  powder,  which  was  entirely  discharged  at  the  end  of  the 
bleaching.  I  did  the  same  thing  with  permanganate,  and  I  found 
that  1  lb.  of  potassium  permanganate  was  equal  in  bleaching 
effect  to  10  lbs.  of  bleaching  powder.  As,  however,  the  bleaching 
oxygen  of  permanganate  is  to  that  of  bleaching  powder  as  7  is  to 
4,  I  expected  to  find  that  4  lbs.  of  permanganate  wonld  equal  7 
lbs.  of  bleaching  powder  in  bleaching  effect.  The  difference  can 
only  be  accounted  for  on  the  supposition  that  the  oxygen  of  the 
two  substances  act  very  differently.  This  is  well  known  to  be  the 
case  when  we  make  a  comparison  of  an  electrolised  solution  of 
magnesium  chloride  (Hermite's  solution)  with  a  solution  of  bleach- 
ing powder  of  equal  chlorine  {i.e.  oxygen)  strength.  In  this  case, 
?>  lbs.  of  oxygen  of  the  Hermite  solution  does  as  much  bleaching 
as  5  lbs.  of  the  bleaching  powder  solution.  In  a  like  manner, 
sodium  hypochlorite  differs  from  calcium  hypochlorate,  and 
calcium  hypochlorite  itself,  in  turn,  varies  in  the  efficiency  of  its 
oxygen  according  to  the  method  by  which  it  is  prepared. 

It  follows  that  from  what  is  above  stated  that  1  lb.  of  bleach- 

(4  X  10) 

ing  oxygen  of  permanganate  does  as  much  bleachmg  as  — ^ —  ,  or 

say,  5i  lbs.  of  oxygen  of  ordinary  bleaching  powder. 

At  the  time  the  experiments  were  done  to  determine  whether 
permanganate  could  be  commercially  used  in  place  of  bleaching 
powder,  although  only  one-tenth  of  the  weight  of  permanganate 
was  required,  it  cost  as  much  to  do  the  bleaching,  as,  at  that  time, 
the  price  of  permanganate  was  about  ten  times  that  of  bleaching 
powder.  To  the  cost  of  the  permanganate  must  be  added  that  of 
the  sulphurous  acid. 

The  amount  of  sulphurous  acid  depends,  of  course,  as  to 
whether  the  fibre  is  washed  before  the  acid  is  added.  I  made  a 
number  of  experiments  to  determine  what  action  took  place 
between  the  sulphurous  acid  and  the  manganese  dioxide.  It  is 
generally  supposed  that  dithionic  acid  is  produced.  My  experi- 
ments, however,  did  not  confirm  this  opinion,  and  appeared  first 
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to  point  conclusively  to  the  formation  of  manganese  sulphate 
according  to  the  simple  equation — 

MnO,  +  SOo  =  MnS04 

After,  however,  carefully  noting  the  action  of  sulphurous  acid 
upon  ordinary  black  oxide  of  manganese  under  varying  conditions, 
I  have  come  to  the  conclusion  that  the  action  generally  takes 
place  in  two  stages,  as  follows  : — 

MnOs  +  SO2  +  2H0O  =  Mn(H0)2  +  H0SO4 

White  manga- 
nous  hydrate 

MnH^O,  +  H,S04  =  MnSO^  +2H,0 

On  shaking  some  black  oxide  of  manganese  with  a  weak 
solution  of  sulphurous  acid,  the  sulphurous  is  rapidly  oxidized  to 
sulphuric,  and  in  a  short  time  manganese  sulphate  is  found  in 
solution.  The  black  precipitate,  ])efore  entering  into  solution,  to 
a  large  extent  loses  its  colour.  The  last  portions  of  it  change 
from  black  to  a  greyish  white,  and  I  believe  this  is  due  to  the 
sulphurous  acid  deoxidising  the  black  oxide  of  manganese  with  a 
formation  of  a  white  precipitate  of-manganous  hydrate,  Mn(OH)o, 
and  a  corresponding  amount  of  free  sulphuric  acid  as  shown 
by  the  first  equation.  The  sulphuric  acid  then  dissolves  the 
manganous  hydrate  with  the  formation  of  manganous  sulphate  as 
shown  by  the  second  equation. 

The  reaction  taking  place  in  two  stages,  as  shown  above, 
accounts  for  certain  difficulties  that  are  experienced  with  per- 
manganate bleaching.  It  often  happens  that  after  permanganate 
bleaching  the  pulp  goes  back  in  colour.  This,  I  think,  is  to  be 
attributed  to  the  fact  of  the  reaction  having  taken  place  only  as  far 
as  the  first  stage,  that  is,  manganese  dioxide  is  rendered  invisible, 
for  the  time  being,  by  its  conversion  into  the  white  manganous 
hydrate,  which  is  retained  by  the  fibre.  This  substance  is  well 
known  to  oxidise  rapidly  in  the  air,  assuming  a  brown  colour. 
Care  must,  therefore,  be  taken  to  ensure  that  all  the  manganese  is 
converted  into  the  sulphate,  the  whole  of  which  must  be  carefully 
removed  by  washing.  On  the  assumption  that  washing  is  resorted 
to  before  the  addition  of  sulphurous  acid,  for  every  molecule  of 
KaMnsOs  we  should  require  two  molecules  of  SO2,  or  10  lbs.  of 
permanganate  would  require  about  3  lbs.  of  actual  sulphurous 
acid.  _  These  figures  are,  however,  arrived  at  by  theory,  and  in 
practice_  it  is  found  necessary  to  use  somewhat  larger  quantities. 
Bisul]3hite  solutions  can,  of  course,  be  used  instead  of  sulphurous 
acid,  if  found  more  convenient. 
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It  is  not  at  present  known  why  the  bleaching  oxygen  of 
different  agents,  such  as  permanganate  and  ordinary  bleaching 
powder  solutions,  should  be  required  in  different  quantities, 
according  to  the  agent  employed,  to  produce  a  certain  amount 
of  bleaching  effect ;  but  it  appears  to  me  to  be  accounted  for 
by  the  formation  of  a  mixture  of  ozone,  or  active  oxygen,  and 
ordinary  oxygen. 

The  latter  has  no  bleaching  effect  whatever,  whilst  the  former 
is  a  powerful  bleaching  agent. 

If  the  action  of  ordinary  bleaching  powder  solution  gives  rise 
to  oxygen  containing  a  small  proportion  of  ozone,  whilst  per- 
manganate contains  a  large  proportion,  it  would  certainly  be 
sufficient  to  account  for  the  great  difference  between  the  two. 
This  is  a  theoretical  point  which  deserves  more  attention,  and, 
perhaps,  if  properly  understood,  would  result  in  much  more 
economical  bleaching.  It  is  worthy  of  note  that  as  the  bleaching 
efficiency  of  the  oxygen  increases,  so  also  its  rate  of  action 
increases  ;  thus  the  Hermite  solution  is  much  more  rapid  in  its 
action  than  a  solution  of  ordinary  bleaching  powder,  and  at  the 
same  time  the  bleaching  oxygen  is  about  If  times  as  efficient. 
With  permanganate,  the  action,  instead  of  taking  hours,  is  almost 
instantaneous,  and  the  bleaching  oxygen  is  5|  times  as  ei!icient  as 
the  oxygen  of  ordinary  bleaching  powder.  I  can  see  no  reason 
why  permanganate  bleaching  should  not  come  into  use  for  some 
purposes,  especially  where  rapidity  of  action  is  an  important 
consideration. 

The  reaction  is  so  easy  to  control.  I  believe  few  attempts 
have  been  made  to  utilise  it,  on  account  of  its  high  price  as  com- 
pared with  bleaching  powder,  and  that,  if  manufacturers  had 
known  that  1  lb.  of  permanganate  would  do  as  much  bleaching  as 
10  lbs.  of  bleaching  powder,  attempts  would  have  been  made  to 
bring  it  into  use  commercially. 

The  cheaper  product,  sodium  manganate,  which  is  prepared  by 
roasting  together  caustic  soda  and  black  oxide  of  manganese,  is 
objectionable,  as  it  is  not  stable,  unless  prepared  very  alkaline. 

On  account  of  its  strongly  alkaline  reaction,  it  is  far  more 
likely  to  injure  the  fibre.  If,  however,  it  could  be  made  use  of, 
providing  that  the  bleaching  efficiency  of  its  oxygen  is  equal  to 
that  of  potassium  permanganate,  it  would  be  far  cheaper  than 
bleaching  powder. 

This  substance  has  been  manufactured  on  a  large  scale  as  a 
disinfectant,  and  I  have  it  on  good  authority  that  a  certain 
governing  board  who  had  been  making  use  of  permanganate. 
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erected  works  for  the  manufacture  of  sodium  manganate,  and 
were  able  to  turn  this  material  out  at  a  cost  of  about  £11  per  ton. 
When  we  take  into  consideration  the  amount  of  available  oxygen 
in  this  substance  as  compared  with  that  of  bleaching  powder,  the 
latter  would  stand  very  little  chance  of  competing  if  the  difficulties 
which  at  present  stand  in  the  way  of  using  sodium  manganate 
could  be  overcome.  I  have  no  reason  to  believe  that° these 
difficulties  are  insurmountable. 

In  practice,  as  above  shown,  potassium  permanganate,  KMnOj 
or  KaMusOs,  has  ten  times  the  bleaching  effect,  weight  for  weight, 
of  bleaching  powder,  at  3.5-.5  per  cent.  "  available  chlorine."  *  If 
the  former  is  taken  at  £50  per  ton,  and  the  latter  at  £6  10s.,  a 
comparison  can  be  arrived  at  by  multiplying  the  £G  10s.  by  10. 
This  gives  us  £G5  worth  of  bleaching  powder  to  give  us  the  same 
bleaching  effect  as  1  ton  of  permanganate.  In  practice,  therefore, 
on  these  prices  the  proportionate  costs  would  be — 

£50  :  £65  :  :  100  :  130 

showing  that  the  bleaching  powder  would  cost  .30  per  cent,  more 
to  use  than  the  permanganate. 

Eemakks.— The  student  must  not  be  misled  by  forming  any  conclusion  as  to 
the  relative  costs  of  bleaching  powder  and  permanganate  from  tlie  figures  set  by 
the  examiners,  which  are  purely  hypothetical,  and  merely  given  to  test  a  student's 
ability  to  make  the  necessary  calculation.  The  actual  market  values  on  September 
29,  1902,  were  for  bleaching  powder  £6  10s.,  and  permanganate  £37.  It  must 
not  be  forgotten,  however,  that  the  after  use  of  sulphurous  acid  adds  considerably 
to  the  cost  of  the  permanganate  bleaching.  A  student  would  get  some  idea  of 
what  this  should  amount  to  if  he  reads  the  above  answer,  and  looks  up  the  price 
of  sulphurous  acid  iu  one  or  other  of  its  forms.  This  item  of  cost  the  examiners 
evidently  did  not  intend  the  student  to  take  into  account  in  his  answer. 

According  to  molecular  ratios,  it  will  be  seeu  above  that  4  lbs.  of  per- 
manganate should  equal  7  lbs.  of  bleach.    If  calculated  on  this  basis- 


According  to  this,  £11  88.  of  bleaching  powder  would  do  as  much  work  as  £50  of 
permanganate  on  examiners'  figures  ;  this,  however,  is  not  at  all  true  in  practice, 
as  explained  in  above  answer.  ' 

My  results,  as  given  in  the  first  portion  of  the  above  answer,  were  originally 
given  at  greater  length  in  an  article  contributed  to  the  PArEHMAKER,  now-'out  of 
print. 

_  Question  2— Which  variety  of  ivood  fibre  do  you  consider  most 
suited  to  Mend  ivith  (1)  linen  rags  for  typewriting  -papers,  (2)  esparto 
for  fine  pn-intings,  (3)  soft  cottons  for  blottings,  (4)  manilla  ropes  for 
cartridge  papers  f  State  the  treatment  you  woidd  adopt  for  the  pre- 
paration of  the  various  wood  pulps  from  the  raw  materials,  and  give 
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d'lta  for  Uiling,  wmhiiui,  and  teaching,  also  composition  of  Uilinfi 
and  bleaching  liquors,  icith  the  yield  of  'p alp  you  would  expect  from 
10  tons  of  raiv  wood.  (30.) 

Answer  2.— (1)  Bleached  sulphite,  25  to  30  per  cent, 
prepared  by  the  real  not  the  bastard  Mitscberlich  process. 

(2)  American  bleached  poplar  blends  very  well,  and  gives  a 
fine  glossy  feel  when  passed  with  the  esparto  through  a  refiner. 
Bleached  soda  is  also  good,  and  feels  rather  firmer  than  the 
poplar. 

(3)  Bleached  poplar  is  best  for  this  purpose.  I  am  informed 
that  a  good  blotting  is  made  in  Scotland  solely  from  poplar  ;  this 
was  examined  by  an  expert  and  found  to  consist  of  poplar  wopd. 
I  had  a  very  excellent  filter-paper  submitted  to  me  of  foreign 
make,  suitable,  I  found,  for  chemical  filtrations,  made  entirely 

from  hnen.  i,  j  -c 

(4)  Pine  wood  prepared  by  the  sulphate  process,  bleached  it 
necessary  for  colour.  This  blend  gives  a  long  silky  fibre,  with  a 
good  sheen  on  when  well  beaten  and  passed  through  a  refiner. 

Refiners  are  admirably  suited  for  blending  wood  with  rags, 
and,  indeed,  for  milling  most  papers.  The  boiling  and  bleaching 
of  the  wood  would  occupy  too  much  space  to  discuss  here  ;  there 
is  considerable  information  in  Griffin  and  Little's  book.  The 
great  drawback  which  all  papermakers  experience  in  this  country 
is  that  they  have  no  control  over  the  conditions  of  boiling,  every- 
thing being  done  for  them  by  the  pulpmaker.  So  much  more 
might  be  accomplished  if  the  papermaker  could  modify  the  con- 
ditions of  boiling  to  suit  his  own  special  requirements.  The 
papermakers  have  to  use  wood  pulp  boiled  in  a  way  that  usually 
admits  of  no  variations,  as  the  pulpmaker  does  not  know  what 
papers  it  is  wanted  for.  This  is  a  great  drawback  to  papermakers. 
I  am  informed  that  the  Germans  are  taking  to  special  boilings 
from  their  own  pulp  mills  for  special  grades,  which,  of  course, 
makes  all  the  difference  when  wanted  to  blend  with,  say,  soft 
cottons  in  one  instance,  and  manilla  or  hemp  ropes  in  another. 

Question  ^.—Discuss  fully  the  question  of  economy  in  boiling 
rags  ivith  caustic  soda.  By  what  chemical  tests  u'ould  you  control 
the  operation  and  fix  the  lest  conditions  in  particular  cases  ?  (25.) 

Answer  3.— This  question  has  been  fully  discussed  in  answer 
to  Question  1  in  Ordinary  Grade. 

Question  4. — State  your  opinion  regarding  the  use  of  exhaust 
steam  from  the  machine  engine,  for  heating  the  drying  cylinders,  and 
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compare  the  method  tvith  that  of  emploi/ing  a  condensing  engine  and 
drying  with  high-pressure  steam.  Shoiv  how  you  arrive  at  the 
steam  consumption  for  each  method  1  (30.) 

Answer  4.— You  will  find  the  answer  to  this  in  Economist's 
papers  in  Wood  Pulp.  The  whole  question  largely  depends  upon 
circumstances.  It  depends  upon  whether  the  engine  is  fully  up  to 
its  work,  and  the  amount  of  drying  power  in  the  cylinders.  One 
authority  informs  me  that  in  many  instances,  viewed  from  all 
points,  it  is  better  in  the  end  to  use  a  condensing  engine  and 
high-pressure  steam  for  drying.  To  be  economical  the  drying 
with  exhaust  steam  must  be  conducted  with  everything  up  to  the 
mark,  while  with  the  high  pressure  reduced,  say  to  10  to  15  lbs. 
pressure,  you  can  keep  your  cylinders  fairly  uniform,  and  are  free 
to  drive  up  the  engine  without  being  troubled  with  the  back- 
pressure making  the  engine  run  badly. 

Messrs.  Bertrams,  Limited,  have  been  good  enough  to  give  me 
their  opinion  on  this  subject,  which  I  give  in  their  own  words  as 
follows  :  — 

"Our  opinion  is  quite  decided  in  favour  of  using  exhaust 
steam  in  the  drying  cylinders,  as  theory  and  practice  prove  it  to  be 
the  most  economical  method.  When  the  exhaust  is  condensed  in 
the  cylinders  at  say  5  lbs.  pressure,  the  latent  heat  is  used  in 
drying  the  paper,  and  the  sensible  heat  is  recoverable  as  feed- water, 
available  work  being  done  by  each  unit  of  heat  in  the  steam. 

"  A  very  important  point  to  be  noted  in  connection  with  this 
is  the  small  increase  of  total  heat  required  by  steam  as  it  is 
increased  in  pressure.  To  increase  steam  from  5  lbs.  to  80  lbs. 
pressure  only  requires  the  addition  of  about  29  units  of  heat,  and 
in  reducing  the  pressure  it  only  loses  that  amount  while  giving  olf 
the  power  in  passing  through  the  engine.  The  exhaust  steam  is 
therefore  not  far  short  of  the  value  of  live  steam  for  drying 
purposes. 

It  is  somewhat  difficult  to  ariive  at  correct  figures  for  steam 
required  to  dry  paper,  as  it  depends  ou  so  many  varying  conditions. 
Theoretically  about  2  lbs.  of  steam,  ordinary  pressure,  should 
suffice,  but  practically  it  requires  much  more. 

"Some  engineers  (Continental)  claim  that  016  to  0-2  lb.  of 
coal  will  dry  1  lb.  of  paper,  but  we  are  very  doubtful  indeed  of 
these  figures. 

"Our  experience  shows  that  about  3  lbs.  of  water  are  dis- 
charged from  the  cylinders  per  1  lb.  of  paper  made  when  exhaust 
steam  is  used,  this,  of  course,  including  all  the  condensation  right 
from  boilers,  and  includes  that  from  the  engines.    In  one  case'we 
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tested  where  live  steam  was  used,  the  results  were  practically 
identical,  but  unless  proper  arrangements  are  made  to  collect  the 
water  for  a  considerable  period,  errors  must  be  expected.  The 
above,  however,  would  show  that  about  ^  to  f  lb.  of  coal  is 
required  for  driving  the  machine  and  drying  the  paper,  depending 
on  the  quality  of  coals,  which  we  had  no  means  of  estimating. 
The  machine  we  refer  to  was  driven  by  two  steam  engines,  which 
were  never  indicated,  but  which  would  probably  indicate  50  h.p. 
steam  pressure— about  80  lbs.  There  was  thus  about  2,700  lbs.  of 
steam  condensed  in  the  cylinders,  a  little  of  which  was  live  steam 
added  to  supplement  the  exhaust.  Had  these  engines  been  con- 
densing they  could  not  possibly  have  required  less  than  25  lbs.  of 
steam  per  h.p.  per  hour,  or  say  1,250  lbs.  per  hour,  while  the  paper 
would  have  required  about  2,60o;bs.  live  steam,  making  a  total  of 
3,850  lbs.  steam  against  2,700  lbs.  steam  per  hour,  or  a  saving  of 
1,150  lbs.  per  hour  on  900  lbs.  of  paper.  We  may  say  that  when 
the  machine  we  refer  to  was  started,  an  old  one  with  condensing 
engine  was  stopped,  and  the  coal  bill  reduced  by  from  4  to  10 
cwts.  per  ton  of  paper." 

Question  5. —  What  are  the  average  limits  of  thiclcness  of 
ivnting  fapers  f  For  a  given  mean  thickness,  calculate  the  iveight 
■per  square  metre  of  paper  of  per  cent.  "  cellulose  density  "  (i.e. 
equal  volumes  fibre  substance  and  air  space).  Talcing  a  hreaUng 
length  of  7, bOO  m.,  ivhat  maximum  iveiqht  ivillthe  paper  support  per 
1  cm.  of  breadth  ?    {Tale  the  sp.  gr.  of  cellulose  at  1-5.)  (25.) 

Answer  5. — The  thickness  of  writing  papers  varies  very 
considerably.  It  would  be  almost  impossible  to  say  what  the 
minimum  or  what  the  maximum  thickness  is,  but  I  give  below 
a  fair  statement  expressed  in  mm.  of  the  thickness  of  writing 
papers  : — 


Tbin  paper 
Foreign  note 

Thin  bank   

General  run  of  typewriting 
Very  thin 
Ordinary  notepaper  for  private  use 
Thick  notepaper 
General  limits  ... 
Expressed  in  inches 
Ratio  of  thickest  to  thinnest 


mm. 
0-05 
0-04 
0-05 
0-07 
0-04 
0-10-0-12 
0-188-0-20 
0-04-0-20 
0-0016-0-0080 
1  :  5 


Typewriting  papers  used  for  carbon  copies  as  thin  as  0-025 
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Taking  0*1  mm.  as  mean  thickness,  with  a  mean  cellulose 
density  of  50  per  cent.,  the  weight  per  unit  of  area  in  grammes 

per  c.c.  would  be  ^^-^^''^  =        grammes  per  c.c.    As  1  c.c. 

=  10  X  10  X  10,  or  1,000  c.mm.,  a  paper  0*10  mm.  thick,  and 
],000  c.mm.  volume,  would  have  a  surface  of  10,000  sq.  mm. 
Nowl  sq.  metre  is  equal  to  1,000  X  1,000  =  1,000,000  sq.  mm.  ; 
therefore,  1  sq.  metre  of  paper,  with  a  thickness  of  0*1  mm.  and 
!  ,  .  ^A  •  ^  0-75  X  1,000,000 
cellulose  density  of  50  per  cent,  would  weigh  

=  75  grammes,  which  in  ozs.  would  be  about  ^  =  say  2f  ozs. 
One  cm.  =  10  mm. 

One  metre,  10  mm.  wide  =  10  X  1,000  =  10,000  sq.  mm., 
but  it  has  been  shown  above  that  10,000  sq.  mm.  of  the  paper 
in  question  weighs  075  gramme.  Therefore  a  strip  of  the  paper 
1  cm.  wide  and  1  metre  in  length  would  weigh  0-75  gramme. 
Therefore  the  maximum  weight  wliich  this  paper  would  support 
on  a  width  of  1  cm.,  and  with  a  breaking  length  of  7,500  m., 

would  be  0-75  X  7,500  =  5,G25  grammes  =  ^^^=  12-1  lbs. 

Eemarks.— I  do  uot  think  the  term  "  cellulose  density  "  would  be  understood. 
It  evidently  here  refers  to  a  paper  consisting  of  50  per  cent,  cellulose  by  volume 
and  50  per  cent,  air  space.  It  is  quite  evident  that  if  the  specific  gravity  of 
cellulose  is  taken  at  1-50,  the  specific  weight  of  this  paper  would  be  halt  this, 

or  0  75  gramme  per  c.c.  ,    ^      ,  ■  .    ^  4:  + 

Note  that  1  cm.  width  is  very  narrow  for  a  test,  and  is  far  too  narrow  tor  most 
practical  purposes.    Although  this  paper  only  supports  12-4  lbs.  on  a  width  of 

10mm.  (or  §  of  an  inch),  on  an  inch  width  it  would  support  at  least  -  -  ^  - 

"  ^For'^further  information  on  this  subject  see  Papeb  and  Pulp,  Nov.  1,  1901, 
page  763. 

Question  G.— Describe  the  plant  you  would  put  down  to  recover 
and  camliciae  the  soda  in  the  liquors  from  the  boiling  and  washing 
of  100  tons  of  esparto  per  week.  Slate  the  approximate  number  of 
(jalkms per  boiler,  the  percentage  of  soda  you  ivoidd  expect  to  recover, 
andthe  cost  for  labour,  lime,  a)idcoal,per  ton  of  soda  recovered.  (25.) 

Answee  (').— This  question  is  largely  a  matter  of  the  amount 
of  liquor  which  may  be  run  into  the  stream  without  alarming  the 
all-powerful  riparian  authorities.  Briefly,  I  should  put  down  two 
up-to-date  Porion  roasters  with  large  evaporating  chambers  ; 
four  lixiviators,  say  G  feet  square  ;  two  causticising  cisterns  fitted 
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with  agitators,  9  feet  diameter  by  9  feet  deep;  two  large  tanks 
l^or  the  causticised  liquor,  say  30  feet  long  by  10  feet  wide  by 
7  feet  deep,  with  the  necessary  pumps  ;  one  large  shed  or  house 
for  the  recovered  soda  to  burn  out  in,  and  the  chimney  would  be, 
say,  200  feet  high,  so  as  to  get  rid  of  the  fumes.  The  question  of 
tanks  for  the  liquor  from  the  grass  would  depend  on  the  number 
of  the  waters  to  be  evaporated.  The  lime  mud  should  be  treated 
in  a  vacuum  filter  so  as  to  get  out  as  much  of  the  caustic  liquor 
as  possible.  With  from  2,500  to  3,000  gallons  of  lye  to  evaporate 
per  boiler  the  above  plant  would  work  very  well,  and  the  soda 
recovered  should  average  from  GO  to  70  per  cent.,  and  the  cost 
for  labour,  lime,  and  coal  should  run  out  at  from  25s.  to  206'.  per 
ton  of  ash  recovered.  The  conditions  vary  very  much  in  different 
mills,  and  it  is  claimed  that  the  Yaryan  can  do  better  than  this. 
It  is  difficult  to  say  what  it  costs  for  the  upkeep  of  a  multiple 
effect,  but  whatever  may  be  said  against  the  Porion  it  must  be 
admitted  that  it  can  be  kept  in  order  for  very  little. 

Question  1— Dismiss  fidhj  the  conditions  of  penetration  of 
papers _  hi/  size  sotutions  in  ttil-sizing.  How  ivould  you  varij  these 
conddions,  including  the  composition  of  the  size,  to  produce  the  best 
effects^  How  would  you  investigate  the  paper  to  ascertcmi  the  dis- 
tribution of  the  size  and  the  sizing  effect?  (20.) 

Answer  7.— I  have  given  a  good  deal  of  information  on  this 
subject  in  my  lectures  on  sizing  before  the  Dickinson  Institute. 
The  conditions  of  penetration  depend  upon  several  factors.  First 
of  all  we  have  the  gelatine  itself.  Some  gelatines  have  much 
greater  powers  of  penetration  than  others.  The  first  draught 
would  act  differently  to  the  third  draught  from  any  given  raw 
material.  Gelatines  prepared  from  different  raw  materials  differ 
in  respect  to  penetration  one  from  the  other.  This  is  partly  due 
to  their  power  of  gelatinising  and  partly  to  other  causes.  Another 
factor  is  the  paper  itself.  Some  papers  allow  the  penetration  of 
size  much  more  easily  than  others.  This  would  depend  not  only 
upon  the  material  of  which  the  paper  was  composed,  but  also  on 
the  way  in  which  it  has  been  beaten  and  the  extent  to  which 
it  has  been  beaten.  It  would  depend  also  very  largely  upon 
whether  the  paper  had  been  rosin-sized.  Rosin  size,  of  course, 
reduces  the  penetration  very  materially,  and  renders  the  gelatine 
sizing  more  or  less  superficial,  according  to  the  amount  of 
rosin  present.  Apart  from  the  question  of  rosin,  the  penetra- 
tion depends  on  whether  or  not  the  paper  has  had  alum  in  the 
furnish.    If  alum  has  been  put  into  the  engine,  so  as  to  give 
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the  paper  an  acid  reaction,  the  penetration  is  reduced  enormously. 
The  addition  of  alum  to  the  furnish  is,  perhaps,  the  most  easy 
way  of  controlling  the  penetration,  although  for  obvious  reasons  it 
is  very  seldom  resorted  to. 

Next  we  come  to  the  strength  of  the  gelatine.    If  the  gelatine 
is  strong  a  high  percentage  of  gelatine  penetrates  much  less 
readily  than  a  low  percentage,  on  account  of  the  difference  in  the 
viscosity  of  the  solutions.    The  temperature  of  the  size  also 
influences  the  degree  of  penetration.    The  higher  the  temperature 
the  less  viscous  the  liquid,  and  consequently  the  greater  power  of 
penetration.    The  next  point  is  the  question  of  the  amount  of 
alum  in  the  size.    The  thickness  of  the  solution  is  largely  de- 
pendent upon  the  amount  of  alum  present.  This  I  have  discussed 
at  length  in  another  publication.    Up  to  a  certain  point  the 
gelatine  thickens  on  the  addition  of  alum.    By  the  dextrous  use 
of  alum  in  the  sizing-trough  the  penetration  can  be  regulated  to  a 
very  large  extent.    Next,"the  question  of  the  way  in  which  the 
paper  is°passed  through  the  sizing-trough  makes  all  the  difference 
to  the  penetration.    If  both  sides  are  totally  immersed,  it  reaches 
the  size  the  air  more  or  less  occluded,  preventing  the  size  penetrat- 
ing and  retaining  the  gelatine  on  the  surface.    If,  on  the  other 
hand,  the  paper  is  wetted  with  the  solution  on  one  side  first,  so 
as  to  allow  the  gelatine  to  soak  up  to  the  upper  surface  before  the 
upper  surface  is  immersed,  the  air  is  driven  through,  and  the 
penetration  is  very  largely  increased.    The  rate  at  which  the  web 
passes  through  the  solution  has  something  to  do  with  the  penetra- 
tion.   The  question  is  also  affected  by  the  dampness  of  the  paper 
after  it  leaves  the  drying  cylinders.    It  is  usual  to  have  the  paper 
bone-dry  before  it  passes  into  the  sizing-trough.    If  it  is  at  all 
damp,  or  even  air-dry,  the  air  is  more  readily  driven  out  of  it  than 
it  is  when  it  is  bone-dry,  consequently  the  penetration  is  rendered 
easier.    The  penetration  may  be  affected  by  the  addition  of  soap 
to  the  size.    Some  papermakers  use  a  certain  amount  of  soap 
in  their  size ;  others  use  a  clear  solution.    This  alters  the  be- 
haviour of  the  size  towards  the  web  of  paper.  Lastly,  the  penetra- 
tion may  be  affected  by  the  amount  of  pressure  put  upon  the 
squeezing  rolls  used  for  squeezing  the  surplus  size  out  of  the  paper 
back  into  the  sizing-trough.    The  tendency  of  the  rolls  would  be 
to  squeeze  any  remaining  air  out  of  the  pores  of  the  paper._ 

The  investigation  of  the  paper  so  as  to  determine  the  distribu- 
tion of  the  size  is  by  no  means  an  easy  matter.  It  would  be 
extremely  difficult  to  determine  the  percentage  of  gelatine  on  the 
different  portions  of  the  paper,  and  it  would  be  a  most  tedious 
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operation,  as  there  is  no  method  for  the  determination  of  the 
percentage  of  gelatine  which  could  be  used  by  an  ordinary  mill 
operative.  It  is  a  process  which  requires  a  good  deal  of  chemical 
knowledge  and  skill.  The  distribution  of  the  size  on  different 
portions  of  the  paper  can  only  be  judged  in  the  finished  sheet  by 
testing  the  paper  for  its  power  of  resisting  ink.  Some  idea  can 
be  arrived  at,  however,  by  standing  underneath  the  web  of  paper 
as  it  leaves  the  squeezing  rolls  and  looking  through  it.  It  will  be 
noticed  that  some  portions  of  the  sheet  are  more  wetted  than 
others,  unless  the  pressure  on  the  rolls  is  absolutely  uniform 
throughout  the  width.  This  is  extremely  difficult  to  ensure.  It 
may  result,  therefore,  in  an  irregular  distribution  of  the  size. 
Any  irregularities  in  the  make  of  the  paper  and  in  the  thickness 
may  also  result  in  a  bad  distribution  of  the  size. 

These,  and  other  causes,  may  account  for  a  difference  of  sizing 
qualities  in  different  portions  of  the  sheet.  The  most  common 
method  of  testing  paper  for  its  ink-bearing  properties  is  to  take 
standard  ink  (Stephens'  blue-black  ink  is  almost  always  used  for 
this  purpose).  Into  the  ink  dip  a  new  quill  pen,  and  with  this 
pen  full  of  ink  trace  lines  along  the  sheet  of  about  one-eighth  of 
an  inch  in  width,  also  trace  lines  at  right-angles  to  these,  and 
allow  the  paper  to  remain  until  the  ink  is  completely  dry.  Then 
turn  the  sheet  over,  and  observe  whether  the  ink  shows  any  signs 
of  penetrating  through.  It  does  not  follow  that  because  the  ink 
can  be  seen  on  the  other  side  it  has  necessarily  penetrated,  as  the 
ink  being  seen  may  be  due  to  the  transparency  of  the  sheet.  In 
order  to  test  to  what  extent  the  ink  has  penetrated,  tear  the  sheet 
along  the  line  where  the  lines  have  been  drawn,  and  observe 
whether  the  torn  edge  is  completely  black,  due  to  the  complete 
penetration  of  the  ink,  or  partly  white  on  the  one  side  and  partly 
black  on  the  other,  showing  the  partial  penetration  of  the  ink. 
If  by  this  test  one  portion  of  the  sheet  or  web  should  show  any 
difference  from  the  other,  it  would  not  necessarily  indicate  that 
there  was  a  greater  percentage  of  gelatine  on  the  one  side  than  on 
the  other,  but  it  would  indicate  that  the  size  had  not  been 
regularly  distributed. 

The  above  test  should  be  repeated,  using  a  steel  pen.  The 
latter,  of  course,  tends  to  cut  the  surface  of  the  paper.  The 
advantage  of  the  former  is  that  it  merely  shows  where  the  ink 
itself  will  penetrate  without  cutting  the  surface  ;  as,  however, 
a  steel  pen  is  generally  used,  and  often  with  a  sharp  point,  the 
papers  used  for  writing  upon  should  stand  this  latter  test.  It  is 
important  also  to  test  the  paper  after  it  has  been  glazed,  as  the 

K 


130 


glazing  of  the  paper  often  reduces  its  power  of  resisting  ink, 
especially  when  crashed  through  excessive  pressure  in  pUite 
glazing. 

There  is  another  and  very  useful  test,  and  that  is  a  test  used 
by  Leonhardi,  described  in  Herzberg's  book  on  "  Paper  Testing." 
A  series  of  lines  are  drawn  on  one  surface  by  means  of  a  pen  con- 
taining neutral  solution  of  chloride  of  iron.  When  this  has  been 
allowed  to  dry,  the  opposite  side  is  damped  with  a  solution  of 
tannic  acid  in  ether.  If  the  chloride  of  iron  has  penetrated  the 
paper,  on  coming  in  contact  with  the  tannic  acid  it  will  form 
a  black  mark.  This  test  can  with  advantage  be  varied,  such  as 
by  brushing  one  surface  with  the  tannic  acid  solution,  and  when 
this  has  dried,  letting  drops  of  the  chloride  of  iron  solution  fall  on 
to  different  parts  of  the  sheet,  observing  how  long  it  takes  for 
a  black  mark  to  be  formed  when  the  sheet  is  held  so  that  the 
light  can  be  seen  through  it.  I  have  used  this  test  on  many 
occasions  and  found  it  exceedingly  useful ;  but  the  test  with 
the  quill  pen  and  Stephens'  ink  is  the  one  which  is  generally 
regarded  as  the  practical  one. 

Question  8. — State fulUj  how  you  ivould  haadte  the  heaibig 
tackle  when  leating  thefulpfor  the  papers  mentioned  in  Question  2. 
What  special  methods  ivoidd  you  adopt  to  secure  that  the  wood  film's 
would  be  so  blended  as  to  prevent  the  finished  sheet  from  having  a 
woody''' appearance  f  (20.) 

Answer  included  in  No.  2. 

Question  9. — State  what  you  know  of  tlie  hydrated  modifim- 
tions  of  cellidose,  and  their  functions  in  the  papermaking  process. 
What  special  effects  are  obtained  by  these  hydrates  chemically 
prepared?  (25.) 

Answer  9. — This  is  too  wide  a  question  for  me  to  discuss. 
The  best  tbing  I  can  do  is  to  refer  you  to  the  following  publica- 
tions, and  to  others  by  Cross,  Bevan,  and  myself  bearing  on  the 
subject. 

References. — See  "Cellulose,"  by  Cross,  Bevan,  &  Beadle, 
papers  mentioned  on  p.  28,  and  other  publications  by  these  authors 
appearing  in  the  Journal  op  the  Chemical  Society,  the 
Society  of  Chemical  Industry,  the  Society  of  Arts,  and 
in  foreign  journals.  Also  in  the  following  publications  by  the 
author : '  "New  Cellulose  Derivatives  and  their  Industrial  Ap- 
plications," August,  1894,  Journal  op  the  Franklin  Institute 
(vol.  cxxxviii.,"No.  824),  "Viscose  and  Yiscoid,"  Journal  of 
THE  Franklin  Institute,  January,  1897. 
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Question  10. —  Wherein  lie  the  advantwiCH  of  the  multiple  effect 
evaporator  and  tlie  rotary  furnace  ?  State  what  you  Imotv  of  tlie 
practical  worlumj  of  eacli,  and  compare  them  tvith  the  Forion  system 
as  to  the  efficiency  and  cost  of  mcuntenance.  (20.) 

Answee  10. — In  order  that  you  may  arrive  at  some  definite 
conclasion  in  regard  to  this  matter,  1  would  refer  you  to  an 
article  on  "  Comparative  Results  of  Qaadruple  and  Open  Effect 
Evaporation,"  Paper  and  Pulp,  August  15,  1902,  and  the 
pamphlet  on  the  Porion  Evaporator  by  Messrs.  Davis  Bros., 
Blackfriars  Street,  Manchester. 

In  Lecture  4,  before  the  Dickinson  Institute,  I  attempted  to 
show  certain  points  of  difference  between  the  two  systems  which 
might  help  a  student  to  form  some  conclusion  when  he  has  some 
particular  instance  under  consideration,  but,  not  being  an  expert 
on  this  subject,  I  would  not  venture  to  give  a  more  general 
opinion. 

Question  11. —  Give  Iriefly  a  full  scheme  for  the  analysis  and 
testi/iy  of  uriting  and  book  papers.  Give  also  a  selection  of  these 
tests  for  rapidly  determin  iny  tlu  nmin  features  of  composition.  (25.) 

Answer  11. — I  should  propose  the  following  scheme  for 
rapidly  determining  the  main  features  of  composition  for  writing 
and  book  papers.  Boil  in  1  per  cent,  solution  of  aniline  sulphate, 
and  note  if  solution  turns  yellow  or  red.  If  yellow,  it  indicates 
the  presence  of  wood  ;  if  red,  straw  and  esparto.  Immerse  small 
pieces  in  a  very  dilute  solution  of  iodine.  Blue  coloration 
indicates  the  presence  of  starch.  Boil  a  small  portion  with 
distilled  water  for  a  quarter  of  an  hour,  filter,  add,  thoroughly 
dissolved,  1  per  cent,  solution  of  tannic  acid.  Flocculent  brown 
precipitate  indicates  the  presence  of  gelatine.  Boil  a  small  por- 
tion with  strong  alcohol,  cool,  decant  off  into  distilled  water.  If 
an  opaque  ring  is  produced  where  the  two  liquids  meet  after 
standing  for  half  an  hour,  rosin  is  probably  present.  Shake  the 
alcohol  and  water  together  ;  cloudiness  indicates  the  presence  of 
rosin.  In  the  event  of  there  being  no  wood,  esparto,  or  straw, 
&c.,  a  fragment  of  paper  placed  partially  immersed  in  a  watch- 
glass  in  strong  pure  sulphuric  acid,  if  it  gives  brilliant  red  colora- 
tion, would  indicate  the  presence  of  rosin.  Apply  Wurster's 
reagents,  and  compare  with  scale  to  see  if  there  is  any  mechanical 
wood. 

The  fibres  are  best  recognised  by  taking  a  poition  of  the 
paper  after  it  has  been  boiled  for  half  an  hour  in  the  1  per 
cent,  solution  of  carbonate  of  soda,  shaking  in  bottle  with  water 
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containing  agates,  and  placing  a  drop  of  the  water  on  the  micro- 
scope glass.  The  fibres  are  treated  with  strong  sulphuric  acid 
and  with  iodine,  and  examined  under  the  microscope,  and  can  be 
recognised  by  their  various  characteristics. 

Burn  a  gramme  of  paper,  weigh  ash,  to  determine  percentage. 
If  ash  is  entirely  insoluble  in  the  weak  solution  of  hydrochloric 
acid,  it  is  probably  due  to  clay  ;  if  soluble,  and  precipitate  formed 
by  the  addition  of  a  drop  of  barium  chloride,  the  ash  is  probably 
terra-alba.  Agalite  is  insoluble  but  can  be  distinguished  from 
clay  under  the  microscope  by  its  needle-shaped  crystals.  If  the 
paper  is  blue  and  the  colour  is  discharged  by  strong  acid,  it  is 
probably  due  to  ultramarine,  especially  if  the  blue  colour  remains 
in  the  ash.  If  not  discharged  and  the  blue  remains  in  the  ash, 
the  colour  may  be  due  to  smalts. 

Remarks. — The  above  tests  are  by  no  means  conclusive,  but  I  could  not 
suggest  a  better  brief  scheme  for  the  examination  of  papers  to  get  some  rough  idea 
of  composition. 

Question  12. — Schedule  the  proportions  of  chemicals  you  u'ould 
use  in  hoiling  and  bleaching  (1)  Manilla  ropes  for  strong  cartridges; 
(2)  Flax  waste  for  caps ;  (3)  UnUeached  cottons  for  loan  pcipers ; 
(4)  Jute  for  casings ;  (5)  Muslins  for  llottings.  State  temperature, 
pressure,  and  duration  for  hoiling,  together  uith  any  specicd  modi- 
fications you  consider  advantageous.  (30.) 

Answer  12.— 

(1)  Manilla  rope.  15  per  cent,  lime,  3  per  cent,  soda  ash. 
12  hours  at  15  lbs.  press. 

(2)  Flax  waste.  15  per  cent,  lime,  3  per  cent,  soda  ash. 
12  hours  at  15  lbs.  press. 

(3)  Unbleached  cottons.  3  per  cent,  lime,  70  per  cent,  soda, 
G  hours  at  20  lbs.  press. 

(4)  Jute.    15  per  cent.  lime.    12  hours  at  15  lbs.  press. 

(5)  Mushns.  -|  per  cent.  70  per  cent,  caustic.  1  hours  at 
20  lbs.  press. 

(1)  Bleach.    10  to  12  per  cent,  according  to  colour  required. 

(2)  Bleach  8  per  cent,  according  to  colour. 

(3)  ,)      G       „  ,,  „ 

(4)  „     12  „ 

(5)  „  2  to  3 

5J  >J  »J 

Omission. 

Mr.  H.  J.  Brown,  Junr.,  of  Messrs.  Olive  Bros.,  Ltd.,  has 
been  good  enough  to  bring  to  my  notice  the  fact  that  I  had  made 
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a  serious  omission  in  answer  to  Question  11,  Ordinary  Grade, 
page  115.  I  had  mis-read  the  question,  and  as  a  consequence, 
made  the  answer  shorter  than  it  otherwise  should  have  been. 

Mr.  Brown  took  the  view  that  under  (a)  and  (b),  in  addition 
to  giving  the  mineral  and  colouring  constituents,  it  should  have 
included  the  fixing  agents, 

I  communicated  with  the  examiners,  who  informed  me  that 
this  was  what  was  intended  in  the  question.  Under  («)  might  be 
included  gelatine  and  lignone,  which,  on  precipitation,  assist  in 
the  fixation  of  mineral  matter — also  casein  used  in  the  beater, 
and  the  more  ordinary  constituents,  rosin,  precipitated  by  alum, 
and,  lastly,  starch.  Under  (b),  of  course,  we  have  gelatine  and 
casein,  with  the  addition  of  alum  and  formaline,  the  latter  tending 
to  render  both  these  substances  insoluble. 

For  further  information  I  would  refer  you  to  existing  publica- 
tions, among  them  the  Battersea  Institute  Lecture  on  "  Art 
Papers,"  and  Croxley  Lecture  on  "  Paper  Sizing." 


XII. 


ANSWERS  TO  THE  1903  QUESTIONS. 

Eemarks.  —  I  shall  uot  attempt  this  time  to  give  specimen  answers,  because  by  so 
doing  I  should  in  many  cases  be  repeating  points  that  have  been  thrashed  out  already 
at  considerable  length  in  Paper  and  Pulp.  My  endeavour  will  be  this  time  to 
give  information  in  respect  of  most  of  the  questions,  which,  as  far  as  my  judgment 
goes,  would  enable  students  to  see  how  they  might  have  shaped  their  answers. 
Some  of  the  questions  are  very  much  ou  the  lines  of  some  Paper  and  Pi^lp 
articles,  and  the  ability  to  answer  such  questions  would  largely  depend  upon  the 
extent  to  which  Paper  and  Pulp  has  been  read.  I  would  once  again  remind  all 
those  who  wish  to  advance  their  knowledge  by  their  own  personal  effort,  to  make 
use  of  the  index  of  last  year's  Paper  and  Pulp,  and  by  its  means  follow  up  the 
literature  under  the  different  headings.  This  mode  of  procedure  is  far  more 
satisfactory  (at  least  I  have  alwaj-s  found  it  so)  thau  attempting  to  read  through 
a  text-book.  I  would,  of  course,  advise  the  use  of  as  many  text-books  as  possible 
as  books  of  reference  when  reading  up  any  branch  of  the  subject  of  papermaking, 
in  which  case  the  indices  of  the  text- books  should  be  made  free  use  of. 

In  all  reading,  students  will,  if  they  read  carefully  and  not  too  quickly,  find 
coutradictions  and  errors,  and  will,  therefore,  find  it  necessary  to  use  a  great  deal 
of  discretion  in  accepting  or  rejecting  statements.  They  must  think  and  judge 
for  themselves,  and  try  to  ascertain  how  far  their  own  personal  experience  and 
observation  agree  with  the  current  literature.  Students  can  best  advance  their 
knowledge  by  taking  up  a  somewhat  independent  position. 

Before  setting  to  work  to  prepare  remarks  and  information  in  reference  to  the 
1903  questions,  I  consulted  my  friends  Mr.  Cross  and  Mr.  Clapperton.  I  am 
much  indebted  to  both  of  these  gentlemen  for  their  valuable  suggestions  and 
information.  I  am  further  indebted  to  Messrs.  Bertrams,  Ltd.,  for  infonnatiou 
in  regard  to  certain  questions ;  and  to  a  practical  papermaker,  Avhose .  name  I 
am  not  privileged  to  mention,  for  information  in  regard  to  Questiou  8, 
Honom-s  Grade.  I  am  also  indebted  to  the  British  Westinghouse  Electric  and 
Manufacturing  Company,  Ltd.,  for  their  courtesy  in  supplying  me  with  up- 
to-date  information.  The  publication  of  this  work  has  been  somewhat  delayed 
on  account  of  my  absence  in  the  United  States  and  Canada. 

Ordinaey  Grade. 
1903. 

Question  1. — Describe  the  structural  features  of  straw  ami 
esparto  and  of  the  fibres  of  their  respective  hatf-stuffs.     What  arc 


135 


I  he  average  dimensions  and  structural  features  of  cotton  and  linen 
{flax)  when  fully  beaten  ?    (25  marks). 

Answer.— Straw  and  esparto  may  be  classed  as  short  fibres 
when  regarding  them  in  comparison  with  cotton  and  linen,  as 
they  are  somewhat  less  in  diameter  than  the  two  latter,  but 
are  very  much  shorter.  They  differ  from  cotton,  furthermore, 
in  that  they  have  very  small  central  canals,  and  as  a  consequence 
are  non-collapsible.  The  ends  of  esparto  are  solid  and  rounded, 
and,  in  consequence  of  the  lateral  pressure  exerted  by  one  fibre 
upon  another,  the  sides  are  often  hexagonal  instead  of  round, 
resembling  honeycomb  in  section  but  nearly  solid,  with  small 
hole  in  centre — the  shape  naturally  assumed  when  rodlike  materials 
capable  of  compression  and  of  being  moulded  are  influenced  by  a 
lateral  pressure.  The  lateral  pressure  is  the  result  of  growth  and 
expansion  in  a  confined  space. 

Straw  is  smoother  on  its  surface  than  esparto,  and  is  more 
polished  ;  it  is  also  more  inclined  to  take  up  water  and  work 
"  wet  "  on  the  machine.  It  is  the  shortest  of  papermaking  fibres, 
with  the  exception,  perhaps,  of  mechanical  wood,  which,  when 
finely  ground,  is  sometimes  shorter. 

The  great  feature  in  regard  to  esparto  is  its  excellent 
surface  for  taking  printers'  ink  in  fine  lines  and  half  tones, 
a  property  which  is  not  possessed  in  a  like  degree  by  any  other 
fibre. 

Straw,  on  account  of  its  extreme  shortness  of  fibres,  being 
only  about  a  fourth  the  length  of  those  of  esparto,  or  y^th  that  of 
cotton  fibre,  is  seldom  used  alone  for  papermaking.  Its  chief  use 
may  be  said  to  be  in  conjunction  with  rag  stock,  where  it  fills  in 
the  interstices  between  the  large  fibres,  and  has  a  very  beneficial 
effect  in  certain  cases,  giving  hardness  and  rattle  in  a  rag  paper 
even  when  used  to  the  extent  of  5  per  cent.  On  account  of  its 
tendency  to  work  wet,  it  imparts  qualities  to  other  stock  very 
much  needed  in  certain  cases. 

I  give  here,  as  information  in  regard  to  the  latter  half  of 
the  question,  particulars  of  the  dimensions  of  cotton  and  linen 
fibres  both  before  and  after  beating,  and  have  arrived  at  an 
average  by  taking  different  kinds  of  cotton  both  for  length  and 
diameter. 
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Before  Beating. 


Mean  of  four  varieties — • 


11-89 


2*97  cm. 
=  29-7  mm. 


1-188  inch. 
Say  li  inch. 


Cotton. 


Diameter. 
Miu.  Mean. 
Tin  mm. 


Glossypium  barbadense     ...        ...    i-<)2    2-79  2-o5 

„        acuminatum    2-01    2-99  2-50 

„        arboreum    2-00    3-78  2-89 


The  mean  diameter  =  0-0258,  or,  say  y^iTo  of  au  inch. 

Tlie  normal  diameter  for  the  three  first  is  0-0281  mm. 

There  are  three  classes  of  fibres  in  all  cotton— viz.  (1)  ripe, 
(2)  half-ripe,  and  (3)  unripe  fibres— and,  as  a  consequence,  the 
fibres  vary  considerably  in  length,  diameter,  and  in  general 
appearance. 

"Normal"  fibre  {vide  supra)  may  be  described  as  the  one 
generally  found,  which  does  not  necessarily,  however,  represent 
the  "  average  "  fibre.  Tlie  effect  of  beating  is  to  broaden  and 
flatten  cells  and  so  increase  their  diameter.  The  appearance  and 
dimensions  of  the  cells  after  beating  depend  largely  upon  whether 
the  fibre  is  got  from  new  rags  or  from  well-worn  tendered  rags  ; 
it  depends  somewhat  upon  the  chemical  treatment,  but  very 
largely  upon  the  way  the  beating  is  conducted.  With  well-worn 
rags  there  is  a  tendency  of  the  fibres  to  become  very  much  bruised 
and  mutilated,  and  to  split  off  into  fibrilhe.  The  "  mean  "  length 
of  beaten  cotton  varies  enormously.  With  short  stuff  for  thick 
papers  it  may  be  only  one  millimetre,  or  ^ih.  of  an  inch,  but  in 


Bombax  heptaphyllum 


1-90    2-90  2-10 


Mean  of  four  varieties 


2-53 


strong  papers  it  frequently  reaches  from  i  to  |  of  an  inch,  or  8  to 
1«  millimetres.  It  seldom  happens  that  the  beating  is  condacted 
in  such  a  way  as  to  leave  the  fibres  intact.  This  would  hardly  be 
possible  even  when  beating  very  gently  for  a  period  of  say  8  hours. 
The  proportion  of  fibrilte  may  be  from  10  to  20  per  cent,  of 
the  whole  weight  of  fibrous  material,  and  it  is  impossible  to  say 
what  length  and  dimensions  these  fibrillae  have.  In  the  case 
of  cotton,  furthermore,  it  is  often  no  easy  matter  to  distinguish 
between  the  fibrillaj  and  the  ultimate  fibres,  and  the  two  are  often 
connected.  A  fibre  may  be  intact  for  a  portion  of  its  length,  and 
at  one  end  split  off  into  brush-like  fibrillar. 

With  blottiiigs,  filter-papers,  and  such  like,  where  the  fibres 
are  worked  with  sharp  tackle  and  quickly  beaten,  it  is  easier 
to  determine  the  length  of  the  individual  fibres  under  a  micro- 
scope. 

The  most  easily  defined  is  a  paper  in  which  the  fibres  are  cut 
with  sharp  tackle,  and  from  new  material. 

Lengths. 
Miu.     Max.  Meau. 
cm.      cm.  cm. 

Linen  (flax)  fibres  before  beating    ...    2-0     4*0  ^'O 
Mean  length    ...    30-0  mm. 

Diameter  of  Fibres. 
Mill.     Max.  Meau. 
i^mra.   -roo™™-  td!)™°^- 
Linen      1'2     2-5  r8o 

Mean  diameter       ...    0-0185  mm. 
Normal  diameter     ...    0*0160  „ 

Or,  in  inches  the  flax  fibre  would  have  a  mean  dimension  of— 
Length,  1-2  inch,  or  Ij  inch. 

Diameter,  0-00074  inch,  or  three-fourths  of  the  mean  aiameter 
of  the  cotton  fibre. 

If  raw  flax  is  used  for  papermaking,  and  provided  that  it  is 
incompletely  retted  or  boiled,  it  may  exist  in  the  finished  paper  as 
filaments,  in  which  case  the  filaments  may  be  four  times  the 
length  of  the  ultimate  fibres  ;  but  under  ordinary  circumstances 
this  is  not  so.  ... 

Flax  is  very  liable  to  split  up  into  very  fine  and  long  fibriilse, 
which  cover  the  field  of  the  microscope  between  the  other  fibres. 
The  presence  of  fibrilhe  in  flax  pulp  is  due  chiefly  to  severe 
mechanical  treatment,  often  in  the  dry  state  before  boiling. 

The  physical  characteristics  of  flax  fibres  are  very  much 
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destroyed  m  a  fabric,  as  a  result  partly  of  weaving,  heckling  &c 
but  chiefly  to  subsequent  wear  and  washing  ;  and,  as  a  consequence' 
It  often  has  an  entirely  different  appearance  under  the  microscope 
to  an  ordinary  flax  fibre— /.e.  raw  flax  which  has  not  been  used 
for  weaving.  Fibres  from  tendered  and  well-worn  linen  racrs 
differ  very  materially  from  the  fibres  from  fine  canvas,  not  only 
m  strength,  but  in  physical  qualities  generally,  as  well  as  in 
behaviour  to  chemical  reagents.  If  the  beating  is  carefully  con- 
ducted and  long  continued,  the  fibres  of  strong  stuff,  particularly 
raw  flax,  may  be  drawn  out  almost  to  full  length  of  fibres  in 
which  case  they  may  exceed  an  inch  ;  but  the  average  leno-th 
of  the  fibres  m  any  case  must  be  much  less  than  this,  even  in  the 
strongest  papers,  and  in  short  stuff  some  of  the  fibres  do  not 
exceed  the  length  of  one  milh'metre,  or  ^^th  part  of  an  inch. 

Remarks.— I  liave  answered  this  at  fuller  leugth  than  tn^ouW  be  expected 
rom  a  student  at  the  examination,  but  the  Jdnd^'ol  remarks  and  Sfomat km 
as  would  be  expected  from  a  student  are  here  given  for  his  guidance  W 
student  qualifying  for  the  examination  should  carr^in  his  mind  sorn^  ppro.intt-o 
figures  to  the  actual  dimensions  of  the  leading  papermaking  iiln-es  iThe  is 
unable  to  think  or  realise  dimensions  in  millimetres,  he  shoiikf  express  himse  f  in 
inches.  If  he  cannot  express  himself  in  decimals  of  an  inch  for  dilmetof  1  e 
should  put  down  the  number  of  fibres  per  inch  when  placed  side  by  S    tin  s 

f^rtoTiSinfLtitid^^ '''''  ^^^^^ 

_  Question  2.— What  advantages  are  gained  Inj  using  hron-e 
%)i  place  of  steel  for  heater  bars  and  plates  ?  State  the  materiats  in 
the  preparation  of  whu-h  you  would  expect  to  sec  are  the  best  results 
from  the  use  of  Ironzo.    (20  marks). 

Answee.— By  using  bronze  tackle  the  pulp  is  mellowed  and 
works  much  softer,  with  the  result  that  the  fibres  carry  the  water 
better  and,  when  making  cartridges,  &c.,  and  kindred  papers 
the  mellow  greasy  appearance  is  more  easily  obtained  than  when 
working  steel  tackle.  The  freedom  from  iron  impurities  is  con- 
siderably greater,  but  if  steel  tackle  is  used  in  the  breakers  the 
advantage  of  using  bronze  in  the  beaters  is  neutralised  to  a 
large  extent  The  whole  question  is,  of  course,  governed  by  the 
skill  ot  the  beater-man,  and  a  good  man  will  easily  produce  better 
resu  ts  with  steel  tackle  than  an  indifferent  man  with  bronze 
tackle  ;  but  taken  all  round,  the  use  of  bronze  for  the  strono-er 
qualities  of  rag  stuff  and  for  the  better  qualities  of  paper  gives 
distinctly  better  results.  i'  v  ^ 

Bronze  bars  do  not  rust  when  lying  idle,  and  do  not  give  rise 
to  dissolved  iron  as  steel  bars  do.    At  times  verdigris  is  formed 
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on  bronze  when  lying  idle,  but  not  so  readily  as  rust  on  steel 
bars,  and  it  is  not  so  objectionable  as  rust.  If  a  bolt  or  nut  gets 
between  the  bars  the  fracture  is  not  so  serious  as  with  steel,  ihe 
rust  on  a  steel  bar  causes  a  bad  and  rounded  edge  or  a  jagged 
and  uneven  edge.    The  wearing  away  of  a  bronze  bar  keeps 

a  square  edge.  ,         ,  ,    i    j       ■  e 

Bronze  is  better  than  steel  where  the  work  to  be  done  is  of 
a  brusbino-  nature.  Bronze  does  not  break  like  steel.  Bronze 
does  not  vary  in  temper  like  steel.  Bronze  is  not  liable  to  burn 
or  blacken  fibres  like  steel.  A  good  price  can  be  got  for  old 
bronze  bars,  and  the  sharpening  is  more  easily  effected. 

Remarks.— Please  note  that  you  are  not  requested  to  give  a  comparison 
between  bronze  and  steel  bars.  You  are  asked  to  hold  a  bnei  for  bronze,  and 
point  out  all  its  advantages  and  none  of  its  disadvantages  As  good  a  case, 
perhaps,  could  be  made  out  in  favour  of  steel  bars.  Steel  cuts  better  requires  less 
power  per  ton  of  output,  and  does  not  wear  down  so  quickly  on  its  edge.  At  one 
time  steel  bars  had  all  to  be  rehammered  or  discarded  but  now  they  are  often 
chipped  in  dtu.  For  many  purposes  the  presence  of  a  little  rust  or  metallic  iron 
is  of  no  consequence,  therefore  steel  is  preferred.  Where  the  work  requires  the 
roll  well  down  bronze  would  soon  wear  away,  but  steel  would  stand,  bteel  bars 
are  only  about  one-quarter  the  price,  &c.,  &c. 

Question  3  ■^Mention  the  various  forms  of  ivood  pulps,  with 
their  more  particular  uses.  Give  a  short  account  of  their  preparation 
from  the  original  ivoocls.  What  do  you  understand  ly  a  "  strong 
sulphite  pulp:'  and  hoiv  would  you  determine  ivhether  a  given 
sample  conforms  with  this  description  f    (25  marks.) 

\nswer  —The  botanical  classification  gives  us  the  best  clue. 
Thus  the  conifers  give  us  the  long  fibres— the  pine  and  spruce. 
They  come  in  for  wrappings  and  to  strengthen  "  mechanical  tor 
news  and  such  cheap  papers.  When  bleached  they  can  be  used  for 
hif^her  class,  such  as  strong  writings ;  and  if  the  ultimate  fibres 
arS  beaten  and  reduced  they  can  be  used  in  place  of  cotton  and 
linen.    Long  beating  and  not  reduced  but  bleached  for  banks. 

The  sulphate  process  is  now  in  a  large  measure  taking  the 
place  of  the  soda  process.  The  "process"  does  not  now_ deter- 
mine the  nature  of  the  pulp  so  much  as  formerly._  It  is  now 
possible  to  produce  a  sulphite  pulp  soft  and  so  as  to  impart  bulk, 
or  hard  nonbulking.  The  sulphate  pulp  can  ba  made  use  ot  in 
place  of  soda  wood. 

The  coniferte  belong  to  the  gymnosperms.  The  hbres  show 
pares  or  pitted  vessels  under  the  microscope  if  not  too  much 
reduced  by  boiling  and  chemical  bleaching. 

The  Cottonwood,  aspen,  poplar,  &c.,  belong  to  the  dicotyledons, 
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and  are  exogenous— that  is,  they  grow  from  the  outside.  The 
hbres  are  much  shorter,  and  are  used  largely  in  the  States  in 
cases  where  we  m  England  would  use  esparto.  The  effect  how- 
ever, IS  not  exactly  the  same.  I  believe  the  aspen  is  more'  often 
used  ni  Its  bleached  condition.  They  are  prepared  either  by  the 
soda,  sulphate,  or  sulphite  processes,  or  ground  mecbanicallv  and 
sold  as  mechanical  wood  pulp.  The  chemical  pulps  are  sold 
either  as  bleached  or  unbleached,  moist  or  dry,  according  to 
circumstances.  The  mechanical  is  always,  I  believe,  sold  ia  the 
moist  condition. 

There  is  something  in  the  nature  of  "  mechanical "  which 
would  make  it  inadvisable  to  dry  down.  It  should  never  be 
dried  down  below  50  per  cent,  water  before  being  put  into  the 
beater,  ihere  are  terpenes  and  other  bodies  essential  to  the 
proper  working  of  mechanical  that  are  removed  on  drying. 
Mechanical  should  always  be  made  from  unseasoned  wood 
Waste  paper  consisting  chiefly  of  mechanical  works  "free"  if 
remade.  Few  people  seem  to  realise  the  fact  that  the  volatile 
constituents  of  mechanical  play  an  important  part,  and  in  esti- 
mating the  moisture  in  mechanical,  these  volatile  bodies  are 
driven  off  with  the  moisture. 

I  understand  by  a  "  strong  sulphite  pulp,"  wood  pulp  chemically 
prepared  by  the  sulphite  process  from  a  long-fibred  wood  such  as 
pmus  sijhwstns.  The  pulp  must  be  underboiled  or  incompletely 
boiled  m  such  a  manner  as  to  leave  a  hydrated  non-cellulose 
residue,  from  which  the  pulp  largely  derives  its  strength.  The 
condition  in  this  respect  can  in  some  measure  be  judged  by  the 
behaviour  of  pulps  to  certain  reagents,  a  table  of  which  I  give 
on  p.  141  from  my  own  observations. 

Question  i.—Describe  the  conditions  tvhich  give  rise  to  "  hlow- 
mg  in  front  of  the  first  press  rolls,  and  state  the  precautions  you 
ivouM  talm  to  prevent  it  when  making  thin  paper  on  a  close-textured 
wet  felt.    (20  marks.) 

_  Answee.— "  Blowing  "  is  usually  caused  by  the  presence  of 
air  between  the  wet  felt  and  the  web  of  paper,  and  may  be  cured 
m  various  ways  ;  and  to  ensure  that  the  conditions  which  o-ive  rise 
to  It  shall  be  avoided,  the  wet  felt  should  be  kept  tioht  and  the 
seam  quite  square,  as  otherwise  the  felt  will  become  twisted  and 
the  texture  much  closer,  so  that  the  air  will  have  much  greater 
difficulty  in  getting  away.  The  felt  roll  immediately  in  front  of 
the  press  rolls  should  be  slightly  raised.  Should  "  blowino-  "  still 
continue,  then  a  small  roll  run  on  the  top  of  the  paper  may  cure 
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it,  or  it  may  be  cured  by  putting  a  suction  box  under  the  felt  just 
before  the  press  rolls,  and  thus  drawing  the  air  through  the  felt. 
This  plan  is  most  effective. 

Another  plan  is  to  pass  the  web  of  paper  over  a  small  roll  just 
before  it  goes  under  the  press  roll,  but  if  the  paper  is  very  thin 
this  often  causes  much  broken. 

Remarks. — A  little  consideration  will  show  that  the  "blowing"  is  due  to 
air-locking,  and  some  provision  must  be  made  either  to  prevent  the  air  from 
reaching  tliis  spot  or  of  removing  it.  The  roll  to  lift  the  paper  off  the  felt  will 
allow  air  to  escape,  and  a  roll  bearing  on  the  top  surface  will  cause  the  air  to 
pass  out  sideways.  The  raising  of  the  felt  roll  immediately  iu  front  of  the  preis 
rolls  persuades  the  air  to  escape  at  the  highest  point,  and,  of  course,  the  suction 
box  draws  the  air  down  through  the  felt.  So  loug  as  the  felt  is  maintained  wit.i 
open  texture,  the  air  can  pass  through.  The  pocketing  of  the  air  is  due  to  press 
rolls,  which  prevent  the  air  from  coming  further  forward. 

Question  5. —  With  ileacJdnfj ]}oicder  of  6  per  cent.  avail- 
cible  chlorine^''  at  £4  15s.  per  ton,  calculate  the  value  of  the 
"  chlorine  "  jmr  pound  and  per  Mo.  A  waste  Meach  liquor  is 
tested,  and  found  to  contain  U"01  gramme  "  cA/onne  "  j!?er  100  c.c. 
what  qiumtitjj  does  this  represent  on  963  gallons  of  the  liquid'? 
Calculate  the  quant  it  ij  of  sulphite  antichlor — Na.,8o{I  H^iO— required 
to    neu'ralise."    (25  marks.) 

Answer. — To  make  the  first  calculation,  the  price  per  pound 
of  "  chlorine  "  is  arrived  at  as  follows  : — 

4-75x100x20      9,500  ^^^^ 
—71777; — OK  r    =  -rr^i7rr  =  0'119  shilling  ; 
2,240  x3o-5       79,020  ' 

or,  0-119  X  12  =  1-428  pence  per  lb. 
This  would  equal  in  kilogrammes — 

yr'-8^0?=  3-15  pence  per  kilo. 

458 

The  "neutralisation"  by  sodium  sulphite  takes  place  in  the 
following  proportion  : — 

Cl,=  Na2So37H20 
35-5  X  2  =  46  +  64  +  48  +  18  X  7 
71-0  =  284 

A  waste  liquor  containing  0-01  CI  per  100  c.c.  would  equal 
1  lb.  per  1000  gallons  ;  963  gallons  would,  therefore,  contain 
0-963  lb.    This  would  equal  in  crystalline  sodium  sulphite — 

^163X284  ^3-85  lbs. 
71 
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Eemakks. — The  above  question  is  au  extremely  gooj  test  of  u  man's  ability 
to  work  out  this  sort  of  problem.  In  nine  cases  out  of  ten,  or  perhaps  ninety- 
nine  out  of  a  hundred,  no  formula;  are  required  ;  all  that  is  necessary  is  a  little 
thought  and  common  sense.  I  always  find  the  easiest  way  is  to  think  for  a 
moment,  and  then  set  down  iAie  vulgar  fraction  straight  away,  without  the  use  of 
any  formula;.  I  have  tried  to  make  it  plaiu  how  this  may  be  done  in  the  above 
answer. 

Question  6. —  What  advantages,  if  any,  are  obtained  by  run- 
ning esparto  over  the  presse-pdte  previously  to  Meaching  f  (25 
marks.) 

Eemarks. — This  question  was  evidently  put  to  test  the  students  as  t  >  their 
i;leas  regarding  the  economical  production  of  the  paper.  As  the  bleaching 
previous  to  running  the  esparto  over  the  presse-pate  is  generally  adopted,  it  is 
quite  an  open  question  as  to  whether  the  method  of  running  the  grass  over  i-i  the 
o-reen  state  is  not  the  most  economical  in  the  long  run,  owing  to  the  freedom  from 
dirt  which  is  thus  obtained.  The  whole  question  turns  on  whether  the  price  of 
the  finished  paper  will  bear  1he  additional  cost  of  having  two  presses-pates,  taking 
into  consideration  the  question  of  the  requirements  of  the  finished  sheet  as  to 
cleanliness.  I  doubt  very  much  whether  it  would  pay  to  ruu  the  esparto  over 
before  bleaching  in  nine  cases  out  of  ten. 

Question  7, —  What  do  you  understand  by  (a)  a  neutral,  and 
(b)  an  acid  rosin  size  ?  Give  ivorhing  partindars  for  preparing 
and  using  them.  What  is  an  average  dilution  of  the  rosin  size  in 
the  beater,  and  liou:  is  the  rosin  comitound  affected  by  the  dilution  ? 
(;-50  marks.) 

Answee. — I  understand  by  an  "  acid  "  size  one  made  some- 
what after  the  following  : — 

1,300  lbs.  of  rosin, 
170      „    soda  ash, 
200  gallons  of  water. 

Ten  gallons  of  which  would  contain — 
58  lbs,  of  rosin, 
7*6     „    soda  ash. 
This  would  be  considered  an  acid  size,  in  that  it  has  a  con- 
siderable amount  of  free  rosin  (rosin  being  of  the  nature  of  a 
weak  organic  acid). 

Its  composition  by  analysis  is — 

Per  cent. 

Combined  rosin    ...       ...       ...       ...  40*59 

Free  rosin ...       ...       ...       ...       .••  14*37 

Combined  soda    ...  6*72 

Free  soda   1'34 

Dissociation  may  be  said  to  exist  even  in  a  concentrated  size, 
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since  it  shows  both  free  rosia  and  free  soda,  which,  during  the 
process  of  manufacture,  may  have  been  in  combination.  An  acid 
size  gives  a  milky  solution,  due  to  the  presence  of  free  rosin  in 
suspension. 

I  understand  by  a  "  nentral  "  size,  one  in  which  there  is  a 
sufficient  excess  of  soda  present  to  keep  the  rosin  from  appearing 
in  the  milky  form  on  reasonable  dilution.  Such  a  size  is,  how- 
ever, in  point  of  fact,  generally  strongly  alkaline  ;  and  all,  or 
nearly  all,  so-called  "  acid  "  rosin  sizes  are  somewhat  alkaline, 
due  to  the  presence  of  some  free  carbonate  or  caustic  soda.  The 
rosin  size  should  always  be  diluted  and  dissolved  in  water  as  little 
above  blood  heat  as  possible,  to  prevent  coagulation  of  fine 
particles  of  rosin.  The  milky  solution  should  be  about  5°  Tw. 
or  under.  It  should  be  allowed  to  settle  out  any  coarse  particles 
or  dirt,  and  strained  through  fine  wire  or  cloth. 

The  dilution  of  rosin  size  in  beater  depends  mostly  upon  the 
percentage  of  rosin  on  weight  of  paper  stock  used. 

Taking  2  per  cent,  as  an  average  on  weight  of  paper,  and  the 
average  dilution  in  beater  at  5  per  cent.,  or  1  in  20,  the  dilution 
of  rosin  in  beater  would  be  as  follows  : — 

2x1  1  ,  . 

or  0  1  per  cent.  rosm. 


100  X  20  1000 

The  effect  of  dilution  upon  rosin  is  to  free  it  from  its  com- 
bination, or  to  bring  about  what  chemists  call  dissociation.  As 
the  dilution  increases  so  the  dissociation  increases,  giving  more 
free  rosin  in  suspension,  with  a  corresponding  amount  of  free 
soda  in  solution.  It  is  highly  probable  that  the  presence  of  the 
fibres  may  aid  dissociation  by  what  is  known  as  dialysis  and 
osmosis,  aiding  in  the  ionic  dissociation.  There  is,  furthermore, 
the  chemical  effect  of  the  fibre  substance,  as  the  hydroxyls  of  the 
cellulose  molecule  have  both  acid  and  basic  functions,  and  would 
tend  to  combine  both  with  acid  and  basic  substances. 

When  milk  of  rosin  size  is  raised  above  a  certain  temperature 
(about  the  melting  point  of  rosin)  coagulation  takes  place.  The 
rosin  curdles  into  lumps  and  the  solution  becomes  clear.  If  the 
heating  is  prolonged,  more  and  more  rosin  curdles  out  from 
the  clear  solution.  Heat,  therefore,  promotes  dissociation  in  dilute 
solution,  and  it  must  not  be  forgotten  that  the  temperature  in 
the  engine  has  a  lot  to  do  with  the  sizing  effect  got  with  rosin. 

Eemaeks. — The  above  question  evidently  calls  for  a  more  or  less  theoretical 
answer,  especially  the  end  portion.  As  not  more  than  eight  questions  are  to  be 
attempted,  the  student  Avho  has  not  some  tlieoretical  knowledge  could  avoid  this. 
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"  February  28,  1904. 

"  To  the  Editor,  Paper  and  Pulp. 
"  Sir, 

"  With  reference  to  Mr.  Beadle's  reply  to  Question  5  in 
your  last  issue,  he  appears  to  have  calculated  out  his  weights  on 
hyposulphite  instead  of  sulphite  of  soda,  although  the  formula  is 
written  for  the  latter  (excepting  printers'  errors).  This  makes 
the  answer  nearly  ^  lb.  too  high. 

"  I  should  feel  much  obliged  if  he  would  give  the  equation  by 
which  2  volumes  of  chlorine  are  neutralised  by  1  volume  of 
sulphite  of  soda.  Other  authorities  appear  to  give  2  volumes 
of  sulphite  of  soda  to  2  volumes  of  chlorine,  the  equation  being — 

Ca(ClO),  -t-  2Na,S0,  =  CaS04  +  Na^SO^  +  2NaCl 
If  this  is  correct  the  answer  is  6*85  lbs. 

"  Yours  truly, 

"  Superfine." 

"  March  2,  1904. 

"  To  the  Editor,  Paper  and  Pulp. 
"  Sir, 

"  In  Question  5,  Ordinary  Grade,  the  chemical  equation 
has  been  worked  out  wrongly. 

"  Mr.  Beadle  has  evidently  worked  the  equation  out  under  the 
impression  that  sodium  thiosulphate  Na.,S.203  was  to  be  used  in- 
stead of  NaaSOs  sodium  sulphite  as  per  question.  The  calculation 
should  be — 

01,  =  Na,SO,7H20 
35-5  X  2  =  46  +  32  +  48  +  (7  X  18) 
=  71-0  =  126  +  126 
71-0  =  252 

"  Therefore  a  waste  liquor  containing  0-01  01  per  100  c.c.  would 
require — 

0:963  X  252  ^..^^ 
71 

"  Perhaps  this  has  not  been  noticed,  so  I  send  correction  on. 

"  Yours  truly, 

"  Darwen." 

"Laboratories,  15,  Boro',  Londou  Bridge,  S.E.,  March  7,  1904. 

"  To  the  Editor,  Paper  and  Pulp. 
"  Dear  Sir, 

"  I  see  in  your  issue  of  March  1,  1904,  that  '  Superfine  ' 
and  '  Darwen '  both  write  pointing  out  an  error  that  I  made  in 
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calculating  the  amount  of  sulphite  necessary  to  neutralise  the 
bleach  as  mentioned  in  Question  5,  Ordinary  Grade.  I  am  much 
obliged  to  these  gentlemen  for  having  drawn  my  attention  to  this 
error,  which  was  merely  one  of  calculation,  as  will  be  seen  on 
referring  to  my  answer. 

"  '  Superfine,'  although  he  has  spotted  the  error,  has  failed  to 
give  the  correct  figure  for  the  answer,  although  he  has  stated  the 
equation  correctly. 

" '  Darwen,'  however,  has  given  the  correct  figure,  namely, 
3-42  lbs. 

" '  Superfine,'  in  asking  whether  any  readers  of  your  journal 
can  tell  him  how  to  test  for  casein  in  paper  in  the  presence  of 
animal  size,  asks  a  very  difficult  question  indeed.  _  Millon's  Re- 
agent is  reported  to  show  a  distinction  between  casein  and  animal 
s>ize.  This  distinction  cannot  be  made  except,  perhaps,  between  a 
perfectly  pure  gelatine  containing  no  albuminoids  and  ordinary 
casein.  When  the  gelatine,  as  is  always  the  case  in  ordinary 
practice,  contains  albuminous  matter,  there  is  no  further  distinc- 
tion by  means  of  this  reagent.  The  nitrogen  estimation  will,  of 
course,  not  help  you,  neither  will  the  precipitation  with  tannic 
acid.  '  There  is  no  simple  means  of  distinguishing  between 
gelatine  and  casein,  and  when  it  comes  to  estimating  the  one  in 
the  presence  of  the  other,  it  is  almost  impossible.  The  distinction 
can  only  be  made,  in  my  opinion,  by  those  who  are  expert  in 
organic  analysis. 

"  Yours  faithfully, 

"  Clayton  Beadle." 

Question  8. — Which  tijpe  of  refining  engine  would  gou  pui 
down  to  supplement  the  beating  power  for  the  preparation  of  stock 
for  (1)  Esparto  printings,  (2)  Neivs,  (3)  Typewriting  papers,  (4) 
Glazed  casings  ?  Give  gonr  reasons  for  the  adoption  of  any  par- 
ticular type,  and  state  ivhat  increase  in  the  production  you  would 
expect  to  obtain.    (30  marks.) 

Answer. — Esparto  Printings. — Pearson  &  Bertram's  gives  a 
good  result,  as  the  action  required  is  merely  to  rub  out  the  knots 
and  the  unbroken  papers  which  are  present  when  "  broken  "  is 
mixed  with  the  esparto. 

^Yg;^,5 —Pearson  &  Bertram's  will  do  good  work  on  news  stock, 
but  if  a  Hibbert  beater  is  used  there  is  little  need  for  a  refiner. 
The  Taylor  beater  is,  as  far  as  I  can  learn,  thoroughly  efficient 
and  economical,  and  requires  no  refiner. 
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TyppAvritiiKj  Papers  a:i(l  Glazed  Gas iiii/s— The  Marshall  type 
is  the  better  form  of  refiner,  as  it  mills  the  stuff  in  addition  to 
clearing  it. 

Remarks.— A  reauer  may, often  add  25  to  30  per  cent,  to  the  beating  power  . 
One  usually  finds  that  in  actual  practice  the  horse-power  shows  no  reduction,  bu 
the  papers  show  a  distinct  improvement,  as  the  average  beater-man  likes  to  keep 
his  beaters  all  furnished  up,  and,  when  the  power  is  available,  the  stock  gets  the 
advantage  of  being  much  better  milled. 

I  feel  a  great  deal  of  diffidence  in  answering  this  question  at  all.  To  make  a 
bald  statement  without  any  qualification  is  not  justifiable.  I  was  surprised  to 
find  the  ordinary  tyi)e  of  hoUander  so  much  in  vogue  in  what  are  considered  up- 
to-date  news  mills  in  the  States.  I  can  only  judge  that  the  horse-power  is  so 
much  cheaper,  and  the  horse-power  per  ton  of  stuff  so  much  less,  in  consequence 
of  the  staff  flowing  right  away  from  grinders,  &c.  For  an  English  news  mill  fed 
with  sheets  of  pulp,  I  know  of  nothing  to  beat  the  Taylor. 

The  figures  sup.ilied  to  me  by  Messrs.  E.  &  W.  Watson,  details  of  which 
were  published  in  The  Paper  Maker,  July  3,  1902,  show  the  relative  pro- 
portion as  between  the  beaters  and  refiners  by  leaving  out  of  consideration  the 
breakers. 


New  jute  threads   

New  linen  threads 
Manilla  rope 

Sulphite  wood  

Mean  of  four  materials 

It  will  be  seen  from  the  above  table  that,  taking  the  average  for  the  four 
materials,  about  80  per  cent,  of  the  power  is  expended  by  the  beater,  and  about 
20  per  cent,  by  the  Marshall  refiner. 

i  regard  the  Marshall  engine  as  the  best  for  all  high-class  stock,  but  where 
mere  rubbing  out  is  required  on  news  stuff,  I  am  informed  by  a  practical  paper- 
maker  that  Pearson  &  Bertram's  refiner  is  as  good  as  any.  The  following  are 
some  practical  details  :  — 

The  sole  plate  is  of  the  usual  box  section  construction,  and  on  it  is  an  annular 
casing  which  contains  the  refining  discs,  and  is  set  high  enough  up  so  as  to  allow 
of  these  discs  being  withdrawn.  The  casing  is  bored  out  and  lined  with  copper, 
and  in  the  back  there  is  fixed  a  disc,  containing  a  fourth  of  the  number  of  the 
bronze  bars  which  are  in  the  whole  apparatus.  The  means  of  fixing  in  these  bars 
is  exceedingly  simple,  there  being  a  dovetail  groove  turned  out,  to  which  the  bars 
are  made  to  suit ;  they  are  put  iu  in  four  sections  with  hard  timber  dividers,  and 
are  all  tangential  to  the  centre. 

The  revolving  disc  is  then  put  in,  having  bars  let  into  it  in  the  same  manner 
as  the  back  disc  ]ust  described,  the  bars  being  in  both  sides  of  this  revolvinj,-  disc, 
radiating.  The  'front  disc  is  constructed  in  the  same  manner  as  the  back  disc, 
but  is  made  to  move  out  and  in  so  as  to  give  the  necessary  contact  between  the 
bars  ut  the  back  and  front  sides  of  the  refiner.  The  revolving  disc  is  shmnk  on 
a  steel  spindle,  the  ends  of  which  project  through  the  back  and  frout  discs,  aud 
is  carried  externally  iu  long  bearings.  Attached  to  the  front  disc  there  is  a  cross- 
head  connected  to  a  screw  with  fine  thread,  which  sits  in  the  front  disc  and  gives 
the  necessary  grade  of  pulp  required  to  be  produced.    To  prevent  the  revolving 


When  power  for 

Beater 

Refiner 

Beater  and  Refiner 

H.P.H. 

H.P.H. 

is  taken 

as  100. 

per  cwt. 

per  cwt. 
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disc  coming  forwcU'd  against  tlie  front  disc  by  the  pressure  of  iuco.iiiug-  pulp,  a 
simple  arrangement  is  adopted  whereby  this  is  entirely  overcome. 

When  the  refiuer  is  to  treat  pulp  hai'd  at  one  side  and  lighter  at  the  other,  a 
double  contact  arrangement  is  introduced,  aul  where  exceedingly  thick  pulp  is 
desired  to  be  treated,  it  is  introduced  at  both  sides  of  the  revolviug  disc,  the  usual 
inlet  arrangement  being  on  the  back  disc  only.  A  feed  regulating  box  is  applied 
to  the  top  of  the  casing,  and  a  regulating  discharge  valve  fixed  to  the  side,  thereby 
giving  the  pulp  the  desired  time  in  the  refiuer  before  being  sent  to  the  machine. 

It  is  claimed,  and  I  believe  with  good  reason,  that  this  refiuer  assimilates  the 
various  classes  of  pulp  and  produces  a  perfectly  equal  sheet  of  paper  improving 
the  clearness  of  laid  papers  and  closeness  of  wove  papers,  and  that  it  lessens  the 
quantity  of  "  broken  "  by  brushing  out  all  the  unboiled  particles  Avhich  are  apt 
to  come  on  the  edge  of  the  paper  and  cause  a  break. 

The  function  of  a  refiuer  possessing  the  above  action  is  to  improve  the  surface 
of  the  paper,  and  so  allow  the  press  and  calender  rolls  to  lie  flatter  on  the  paper, 
and  allow  high  speeds  to  be  obtained  with  greater  ease.  Eefining  is  often  an 
additional  process  to  beating,  and  does  not  in  every  case  necessarily  relieve  the 
beating  operations  either  in  point  of  time  or  power  required.  But  it  is  frequently 
resorted  to  to  impart  qualities  to  the  stuff  that  the  beater  alone  is  unable  to  give. 

Question  9. — A  wafer  is  found  to  contain — 

Grains  per  gallon. 


Lime     ...        ...        ...        ...        ...  ...  11'2 

Magnesia        ...       ...       ...       ...  ...  S'O 

Sulphuric  aiihijdride    ...        ...        ...  ...  8'0 

Carbonic  anhydride  {expelled  on  boiliufj)  ...  13'2 


Express  these  results  as  parts  per  100,000,  and  give  the  chemical 
formulcc  for  the  constituents.  What  chemicals  would  be  reqidred  to 
soften  this  water (20  marks.) 

Answer. 

Grains      Parts  per 
per  gallon.  100,000. 

Lime    11-2  =  IG'O 

Magnesia  ...       ...       ...      8-(j  =  11-4 

Sulphuric  anhydride       ...      8-0  =  11*4 

Carbonic  anhydride        ...    13"2  =  18-*) 

On  the  supposition  that  the  free  carbonic  acid  expelled  on 
boiling  was  in  combination  as  bicarbonate  of  magnesia,  and  that 
the  SO3  is  in  combination  with  the  lime,  we  should  have  bi- 
carbonate of  magnesia  and  sulphate  of  lime.  Every  44  parts  of 
CO2  expelled  would  be  equal  to  84  parts  of  monocarbonate  of 
magnesia,  or  40  of  magnesia. 

Chemical  formulae  of  constituents— 

MgCOa,  CO,,  CaSO,,  and  CaCOaCO., 
For  softening  this  water  I  should  use  lime  and  soda  ash,  and. 
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if  containing  matter  in  suspension,  a  little  alum  in  addition.  In 
such  a  water,  to  avoid  deposition  of  a  hard  incrustation  after 
softening,  it  would  be  advisable  to  use  carboniser  as  is  used  in 
the  Archbutt  and  Deeley  process. 

Eemarks. — To  calciilate  the  amount  of  each,  it  is  merely  necessary  to  work 
out  the  necessary  amount  of  MgO  to  combine  with  tlie  CO2  exjjelled,  and  the 
necessary  amount  of  CaO  to  combine  with  the  SO3.  If  there  is  CaO  in  excess,  this 
would  exist  as  CaCOj. 

Question  l(i. — Give  a  hrkf  description  of  Bertram's  vacuum 
ejector,  and  discuss  its  merits  compared  with  the  ordiiiarij  vacuum 
piimps  for  extracting  the  water  from  the  paper  in  its  passage  over  the 
'IV  ire.  What  saving  in  power  woidd  gou  expect  to  oh  tain  when  using 
the  ejector  ?    (25  marks.) 

Answek. — A  box  similar  to  the  usual  low  water-box  is  em- 
ployed, into  which  the  water  from  the  save-all  below  the  wire  is 
conveyed  in  the  usual  manner ;  connected  with  this  box  is  a 
centrifugal  pump,  preferably  of  brass  with  a  special  impeller  ;  the 
suction  of  this  pump  is  connected  to  the  low  water-box  by  copper 
bend. 

The  functions  of  this  pump  are — 

(1)  To  elevate  the  water  to  any  ordinary  height,  such  as  that 
of  the  "  Fullner  "  filter  ; 

(2)  To  the  mixing  well  on  the  sand  traps  ;  and 

(3)  To  circulate  the  water  through  the  ejectors. 

There  are  two  discharge  branches  cast  on  the  casing,  the  inlet  of 
the  suction  water  being  through  the  back  cover. 

On  the  vertical  ascending  discharge  there  is  a  patent  automatic 
regulating  and  non-return  valve,  which,  when  the  machine  stops 
work,  retains  the  column  of  water  in  the  pipe  above ;  and  attached 
to  this  valve  there  is  a  lever  connected  to  a  float,  which  regulates 
the  amount  of  water  ascending  in  the  vertical  discharge,  and 
maintains  a  regular  head  of  water  for  circulating  through  the 
ejectors. 

When  two  vacuum  boxes  are  employed  on  the  papermaking 
machine  only  one  ejector  is  necessary  ;  when  three  boxes,  two  are 
used  ;  or  for  two  boxes  and  a  felt  box,  two  are  also  necessary. 

The  water  from  the  pump  which  is  circulated  through  these 
ejectors  is  discharged  from  the  branch  on  the  under  side  of  the 
pump. 

The  ejectors  are  simple— a  conical  regulating  orifice  with  a 
valve  is  formed  on  the  end  of  the  regulating  spindle  to  suit  same, 
and  diflfaser  with  serrated  blades,  which  cause  the  discharge  orifice 
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of  the  ejectors  to  be  entirely  filled.  The  discharge  from  these 
ejectors  passes  into  the  low  water-box  through  a  trumpet-shaped 
pipe. 

The  connections  between  the  vacuum  boxes  and  the  ejectors 
are  made  by  means  of  the  usual  copper  pipe. 

When  the  excess  backwater  is  elevated  up  to  the  beater  house 
a  separate  centrifugal  pump  is  applied  to  the  low  water-box  for 
this  purpose,  there  being  a  division  in  the  box  over  which  the  said 
surplus  water  flows  into  the  suction  of  the  separate  pump  ;  the 
automatic  float  and  valve  are  dispensed  with  when  this  pump  is  used. 

The  benefits  to  be  derived,  as  far  as  my  knowledge  serves  me, 
are  as  follows  : — 

A  constant  vacuum  is  obtained,  as  from  tests  it  has  been  found 
that,  by  applying  a  vacuum  gauge  to  the  usual  plunger  pumps,  the 
pointer  palpitated  from  zero  to  10  lbs.  constantly,  whereas  with 
the  ejector  the  pointer  remains  stationary.  More  vacuum  is  readily 
obtained  than  is  required  for  the  average  class  of  papers. 

The  clearances  being  small,  and  velocity  of  water  high,  prac- 
tically no  glutinous  matter  is  allowed  to  gather  in  the  pipes  or 
pump,  thereby  broken  paper  is  greatly  lessened. 

In  some  paper  machines  this  single  pump  has  taken  the  place 
of  seven  ordinary  pumps,  which  were  used  for  vacuum  and  back- 
water, consequently  all  the  complications  of  piping  and  parts,  also 
wear  and  tear,  disappear. 

With  the  modern  papermaking  machine  one  of  these  pumps 
alone,  with  a  small  one  for  pulp,  constitute  the  entire  pumping 
arrangements  when  the  water  is  not  to  be  lifted  up  to  such  an 
altitude  as  the  taijk  in  the  beater  house.  In  the  latter  case  an 
additional  water  pump  is  employed  as  already  explained.  The 
power  is  the  same  as  with  the  ordinary  pumping  arrangement. 

I  should  judge — only  on  this  point  1  have  no  definite  informa- 
tion—that the  regular  and  steady  vacuum  should  be  a  great  relief 
to  the  wear  and  tear  on  the  machine  wire. 

Question  11. — Give  a  hrief  account  of  the  substances  repre- 
sented li/  the  following  formulcB,  and  describe  their  ordincmj  com- 
mercial forms  :  NaOH,  iVaXOs,  NaHGO-,,  CaO,  CaSO^,  Ga{0Cl\ 
Al^^iSOi.  State  what  you  hioiv  of  the  composition  of  ultramarine, 
smalts,  china  clay,  casein,  and  gelatine.    (30  marks.) 

Answer. — NaOH  is  caustic  soda  or  sodium  hydrate,  and  is 
used  for  boiling  rags  and  wood  ;  for  making  rosin  size  ;  at  times 
put  into  the  chest  to  give  paper  alkaline  reaction  ;  and  sometimes 
used  for  softening  water. 
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NaaCOj  is  carbonate  of  soda  or  soda  ash  ;  used  in  the  manu- 
facture of  rosin  size  ;  causticised  with  lime  and  used  as  above  ; 
used  for  water  softening,  chiefly  to  remove  permanent  hard- 
ness ;  used  at  times  alone  for  boiling  rags,_  and  sometimes  jute, 
&c. ;  used  in  conjunction  with  lime  for  boiling  rags. 

NaHCO:,  is  bicarbonate  of  soda  ;  seldom  used,  but  can  be  used 
in  place  of  soda  ash. 

OaO  is  caustic  lime  ;  chiefly  used  in  lime-boil  of  rags,  jute,  &c., 
either  alone  or  in  conjunction  with  soda  ash ;  used  also  for  water 
softening,  and  for  causticizing  sodium  carbonate  and  recovered 
soda.    When  combined  with  chlorine  gas  it  forms  bleachmg 

powder.  ,111 
CaS04  is  calcium  sulphate;  used  as  terra  alba  and  pearl 
hardening,  as  a  loading  material.  The  crystalline  form  is  com- 
bined with  the  molecules  of  water.  Can  be  produced  as  a  by- 
product in  the  manufacture  of  soda  bleach  by  adding  salt-cake 
to  bleach  solution.  It  is  the  basis  of  permanent  hardness  of 
waters.    Used  at  times  for  coating  papers. 

Ca(C10>  is  the  formula  for  bleaching  powder  solution,  and  is 
called,  chemically,  calcium  hypochlorite,  It  cannot  be  said  to 
pre-exist  in  the  powder  itself,  but  is  formed  on  stirring  with  water 
and  allowing  to  settle.  This  solution  is  generally  used  direct 
for  bleaching,  but  sometimes  converted  into  sodium  hypochlorite 
by  addition  of  proper  proportion  of  soda  ash,  and  allowing  the 
chalk  formed  by  the  reaction  to  settle  out  ;  or  the  Ca(C10).2  can 
be  mixed  with  the  requisite  amount  of  salt-cake  (Na.2S04),  and 
the  crystalline  calcium  sulphate  (CaS042H20)  allowed  to  separate 
out.  The  crystals  of  pearl  hardening  so  formed  can  be  used  for 
loading,  and  the  sodium  hypochlorite  used  in  the  ordinary  way 
as  a  bleaching  solution. 

A1.,3S04  is  sulphate  of  alumina,  the  commercial  salt ;  is  often 
associated  with  about  40  per  cent,  of  water  in  the  form  of  granular 
lumps  ;  but  more  conveniently  supplied  as  a  nearly  dry  powder. 
The  proportion  of  alumina  (AI2O3)  to  sulphuric  anhydride  is 
generally  not  strictly  in  accordance  with  the  above  formula,  the 
AI0O3  being  generally  in  excess,  in  which  case  it  is  known  as  basic 
sulphate  of  alumina.  The  two  chief  uses  of  this  chemical  are  for 
(1)  the  precipitation  of  rosin,  and  (2)  as  a  controller  and  pre- 
servative of  animal  size  or  gelatine.  In  the  case  of  (1)  I  am  of 
opinion  that  the  percentage  of  SO,,  is  the  real  criterion  of  value, 
provided  that  there  is  no  free  acid.  As  a  consequence,  the  nearer 
the  formula  approaches  to  A1,3S04  the  better.  In  the  case  of  (2) 
it  appears  expedient  and  safer  to  use  a  more  basic  sulphate  of 
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alumina,  and  that  the  criterion  of  value  should  be  judged  more 
from  the  percentage  of  alumina,  provided  that  the  product  is  not 
so  basic  as  to  render  it  at  all  insoluble  in  water. 

There  is  a  further  use  to  which  sulphate  of  alumina  is  some- 
times put— namely,  as  a  precipitant  and  softener  for  water.  In 
conjunction  with  lime  it  forms  flocculent  alumina,  which  gets 
entangled  with  the  other  precipitated  salts,  aiding  their  subsidence. 
It  furthermore  carries  down  considerable  quantities  of  organic 
matter,  as  well  as  all  foreign  matter  in  suspension,  and  so  gene- 
rally clarifies  and  purifies  the  water. 

Ultramarine  varies  somewhat  in  composition.  The  composi- 
tions given  in  Thorpe's  "  Dictionary  of  Applied  Chemistry  "  give 
for  ultramarines  rich  in  silica  a  calculated  mean — 

SiO,    AI2O;,    Na^O  S 
German  manufacture    ...    39-20    20-72    20-08  11-97 
English  manufacture    ...    42-00    24-40    18-G7  13-92 

Holfmann  says  that  the  kind  poor  in  silica  and  of  a  pale  blue 
tint  has  the  formula  4(Al2Na,Si,08)  +  Na^Sj.  According  to 
Thorpe,  ultramarine  is  probably  a  double  silicate  of  sodium  and 
aluminium,  together  with  bisulphide  of  sodium. 

''Smalts  "  is  an  unfading  blue  used  where  absolute  permanence 
is  required  ;  but,  on  account  of  its  high  price  and  comparatively 
low  tintorial  power,  it  can  only  be  used  on  high-class  papers,  such 
as  hand-made  ledgers.  Thorpe  gives  its  variation  in  composi- 
tion as — 

Silica    50-70  per  cent. 

Potash    12-22  „ 

Cobalt    6-1 G  „ 

It  is  really  a  potash  cobalt  glass  or  a  mixture  of  potassium  and 
cobalt  silicates, 

Ludwig's  analysis  of  the  German  deep-coloured  smalts  is — 

Silica   GO -20  per  cent. 

Potash  and  soda    lG-31  „ 

Cobaltous  oxide       ...       ...      G-75  „ 

China  clay  is  formed  through  the  disintegration  of  felspars 
fairly  free  from  iron.  The  felspar  contains  also  mica  and  quartz, 
which  have  to  be  separated  by  agitation  with  water  and  allowing 
to  settle.    The  finest  deposits  in  the  world  are  in  Devonshire  and 
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Cornwall.    China  clay  is  a  silicate  of  alumina.    Richardson  gives 

the  analysis  of  Cornish  china  clay  at — 

Silica   4G-82  per  cent. 

Aluminium    ...        ...       ...  3'.)*74:  „ 

Oxide  of  iron  ...        ...        ...      0"27  „ 

Lime  ...        ...        ...       •••      0*36  „ 

Magnesia       ...        ...        ...      0'44  „ 

Potash  and  soda  water        ...  12" G7  „ 

Casein  is  a  form  of  albumen.  The  composition  would  fall 
within  the  limits — ■ 

Carbon    50-55  per  cent. 

Hydrogen  ...       ...       ...  6*9-7*5  „ 

Oxygen    20-24 

Nitrogen  ...        ...       ...  15-18  „ 

Sulphur    0-3-2-0  „ 

It  can  be  got  by  curdling  skimmed  milk  with  dilute  acid. 

Gelatine  consists  of  carbon,  hydrogen,  nitrogen,  oxygen,  and 
often  sulphur.  It  approximates  to  the  formula  C4irC«r,Ni:iOH, 
and,  according  to  F.  Davidowsky,  the  elements  can  be  expressed 
in  the  following  percentages  : — 

Carbon   4D-1 

Hydrogen         ...        ...       ...       •••  <>"5 

Nitrogen          ...        ...        ...        ...  18'3 

Oxygen  and  sulphur     ...       ...        ...  2G"1 

100-0 

Question  12. — State  the  practical  details  yon  irouU  olserve 
when  malcing  a  thiclc  chromo  imper  so  as  to  ensure  freedom  from 
stretch  and  dusting  in  printing.    (25  marks.) 

Answer. — It  appears  that  most  papermakers  now  depend  on 
damping  and  supercalendering  to  give  freedom  from  stretch,  but 
unless  the  draws  are  nicely  regulated  when  bringing  the  web  over 
the  machine,  the  liability  to  stretch  always  remains. 

Dusting  is  often  due  to  excess  of  mineral  matter  imperfectly 
held  together  by  the  bad  sizing. 

Eemarks.— Read  Paper  and  Pulp,  June  2,  1902,  and  June  16,  1902.  The 
qnestiou  of  moisture  iu  atmosphere  and  finishing  the  paper  in  the  right  con- 
dition for  the  printing-room  atmosphere,  as  well  as  the  question  of  time  and 
storage,  have  to  be  considered.  I  am  of  opinion  that  it  is  a  somewhat  difficult 
matter  to  arrive  at  the  desired  result  without  reducing  the  bulking  qualities  of 
the  paper  very  considerably. 
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Honours  Grade. 
1903. 

Question  1. — With  Spanish  esparto  at  £4  158.  per  ton  f.o.r.,  trace 
the  increments  of  cost  of  the  cellulose  through  the  several  stages  of 
preparation  up  to  the  stuff  cliest.    (25  marks.) 

Remakks. — It  is  useless  to  attempt  a  specimen  answer.  The  idea  is  evidently 
to  test  the  students'  ability  to  deal  with  such  questions.  It  Avould  be  a  mistake 
to  take  a  ton  of  raw  material  as  a  unit,  as  the  calculation  wordd  be  rendered  so 
complex  during  the  different  stages  as  the  material  is  found  to  lose  weight.  The 
simplest  and  most  expeditious  way,  as  far  as  cost  is  concerned,  woidd  be  to  take  a 
ton  of  bleached  beaten  stuff  as  your  unit  and  take  such  a  quantity  of  raw  material 
as  would  yield  this  amount.  Thus,  if  you  settled  in  your  own  mind  that  Spanish 
would  yield  45  per  cent,  of  unbleached  or  40  per  cent,  of  bleached  stuff,  in  estimating 
the  latter  you  would  start  with  2^  tons  esparto  grass  at  £4  los.,  or  £11  17s.  6(?. 
worth  of  raw  material.  To  this  prime  cost  of  raw  material  must  be  added,  at  the 
different  stages,  the  cost  (per  ton  of  bleached  stuff)  for  dusting,  picking,  boiling, 
bleaching,  beating,  &c.,  &c.  The  calculation  for  interest,  depreciation,  rent,  and 
such-like  charges  can  be  averaged  up  and  taken  together  at  so  much  per  ton  of 
output.  The  coal  can  be  dealt  with  in  the  same  manner,  or  taken  at  the  different 
stages  of  treatment. 

Question  2. — Draw  up  a  scheme  for  the  production  of  the  follo  w- 
ing papers^  showing  the  proportions  of  the  various  materials  you 
U'ould  use,  and  their  approximate  cost  per  ton  of  finished  paper — 
(1)  Fine  ivritings  at  bd.  per  lb.,  (2)  E.S.  printings  at  2\d.  per  lb., 
(3)  News  at  l\d.per  lb.,  (4)  M.G.  ca^is  at  l\d.  per  lb.  State  the 
average  cost  of  production  in  each  case.    (30  marks.) 

Remarks. — The  idea  in  setting  this  question  is  evidently  to  test  how  much  the 
students  know  of  the  commercial  part  of  the  question  which  regulates  the  cost  of 
the  materials  which  must  be  used  in  order  to  produce  any  given  grades,  while 
allowing  for  a  sufficient  margin  of  profit.  The  whole  poiut  lies  in  taking  into 
consideration  the  loss  which,  even  when  the  best  qualities  of  each  material  are 
employed,  invariably  takes  place  between  the  raw  material  and  the  finished  paper. 
This  would  be  likely  to  prove  a  stumbling-block  to  most  of  the  students.  For 
instance,  in  setting  out  the  furnish  for  the  fine  writings  at  bd.  per  lb.,  it  is 
necessary  to  bear  in  mind  that  even  new  cottons  at,  say,  £18  per  ton  will  cost  some 
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15  per  cent,  more  than  the  price  before  they  are  made  into  paper,  in  addition  to 
the  usual  loss  through  imperfect  sheets. 

The  M.G.  at  lid.  is,  of  course,  an  impossibility,  as  it  is  not  possible  to  produce 
an  M.G.  cap  worthy  of  the  name  at  less  than  l^d.  per  lb.  The  average  cost  of 
production,  of  course,  varies  Avith  the  processes  which  the  various  grades  have  to 
undergo  ;  but  in  the  case  of  the  writings  it  should  run  about  35  to  38  per  cent., 
while  for  the  news  and  M.G.  caps  it  should  be  from  25  to  30  per  cent.  Should 
the  writings  be  plate-glazed  the  cost  would  be  about  40  per  cent.  The  figures 
vary  very  considerably  with  the  methods  adopted  in  the  different  mills. 

In  this  question,  as  in  the  preceding  one,  such  a  quantity  of  material  must  be 
set  down  at  the  onset  as  would  yield,  say,  one  ton  of  paper.    With  a  rag  losing 
25  per  cent,  for  every  ton  taken,  only  15  cwts.  of  bleached  stuff  would  be  obtained. 
In  order,  therefore,  to  obtain  a  ton  of  bleached  stuff  one  must  take — 
20  CAvts.  X  100  ^  ^e.g 
(100  -  25) 

A  paper  made  from  such  a  rag  and  found  to  contain  on  burning  25  per  cent,  of 
mineral  would  require  just  one  ton  of  rag  per  ton  of  paper,  because  the  loss 
sustained  by  the  rag  on  treatment  would  just  be  counterbalanced  by  the  gain  due 
to  added  mineral. 

Question  3, — Write  a  short  general  account  of  rosin-sizing, 
dealing  particularly  with  the  follo  wing  'points  .-  {a)  Proportion  of  soda 
to  rosin ;  (&)  effect  of  dilution  before  adding  to  the  heater  and  in  the 
heater ;  (c)  hard  and  soft  ivaters  and  use  of  haclc-water  in  the  beater ; 
(d)  auxiliarg  action  of  colloidal  alumina,  starch,  and  cellulose ;  (e) 
thin  and  thick  papers;  (/)  and  ^'free^^  rumiing  on  the 

machine.    (25  marks.) 

Answee. — (a)  For  convenience  and  general  economy  the 
proportion  of  soda  to  rosin  should  be  such  as  to  produce  a  size  in 
which  at  least  about  25  per  cent,  of  the  rosin  is  in  the  free  state. 
In  ordinary  practice  this  can  be  done  when  using  between  7 
and  8  parts  of  rosin  to  1  part  of  commercial  soda  ash. 

{h)  The  effect  of  dilution  is  to  bring  about  a  certain  amount  of 
dissociation  into  free  rosin  which  in  the  water  is  held  in  suspension 
in  a  hydrated  or  flocculent  condition,  so  that  it  cannot  settle  out  on 
standing.  If  hard  water  is  used,  the  lime  salts  act  in  decomposing 
the  rosin  size  as  follows : — 

2C2oH290,Na  +  CaCOaCO,  =  CoHaoO,  +  CaCO^  +  Na.,C03 

Rosin  size  and  bicarbonate  of  lime  becomes  rosin,  carbonate  of 
lime,  and  soda  ash.  The  effect  is  here  to  undo  the  saponification 
of  the  size,  just  as  though  the  carbonic  acid  had  been  passed 
through  a  solution  of  rosin  size,  a  process  that  is  made  use  of 
commercially  for  production  of  size  containing  a  greater  amount 
of  free  rosin.  The  permanent  hardness  of  the  water  in  a  measure 
would  react  as  follows  : — 

2C2oH2902N"a  +  CaS04  =  G^H,oOo  +  NaoS04  4-  CaO 
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As  the  proportion  of  lime  salts  to  rosin  size  is  slight,  this 
reaction  does  not  cut  much  of  a  figure.  The  effect  of  the  dilution 
in  the  beater  is  to  further  increase  the  above  reaction  both  in 
regard  to  dissociation — 202011200.2^8  becoming  C20H30O2  and  Na.,0 
■ — and  decomposition,  due  to  size  being  further  mixed  with  lime 
salts.  The  milk  of  rosin  may,  for  the  sake  of  argument,  contain 
2  per  cent,  rosin  ;  on  being  added  to  the  beater  it  may  become 
0*1  per  cent,  rosin.  From  2  parts  per  100  it  has  been  attenuated 
to  2  parts  per  2,000,  or  a  dilution  of  1  to  20. 

(c)  This  is  dealt  with  above  and  in  answer  to  Question  7, 
ordinary  grade. 

(d)  I  do  not  regard  colloidal  or  any  other  form  of  alumina 
as  a  sizing  agent,  not  as  I  understand  the  term  "sizing  agent." 
OoUoidal  alumina  has  as  its  chief  property  the  power  of  occluding 
organic  matter  {i.e.  free  rosin)  and  causing  its  more  perfect 
retention  by  the  fibres.  It  has,  in  addition,  per  se,  a  marked 
effect  upon  the  qualities  of  the  finished  paper.  It  assists, 
in  conjunction  with  the  rosin,  in  the  retention  of  mineral,  and 
forms,  with  many  soluble  colours,  the  so-called  lakes,  which,  being 
formed  as  it  were  in  situ  by  the  addition  first  of  the  colour  and  then 
of  the  sulphate  of  alumina,  are  faster  and  firmly  fixed  in  the  fibres. 

Starch  may  be  regarded  as  a  sizing  agent  under  certain 
circumstances,  as  it  becomes  one  when  the  paper  is  calendered, 
more  particularly  so  when  the  paper  is  plate  glazed  or  friction 
glazed.  The  starch  is  changed  into  other  substances  by  the  joint 
action  of  heat  and  moisture.  It  serves  to  harden  the  paper,  as 
well  as  to  give  it  a  better  surface,  and  has  a  marked  effect  upon 
the  working  of  stuff  on  machine.  If  boiled  previous  to  adding  to 
engine,  and  added  either  separately  or  with  the  size,  it  becomes  a 
mineral  retainer.  There  is  a  compound  known  as  starch  cellulose, 
discovered  by  Oross  and  Bevan,  sometimes  formed  when  starch 
is  added  to  paper.  Colloid  starch  is  often  added  to  keep  up 
colloid  rosin. 

Colloidal  cellulose,  in  the  form  of  viscose,  is  a  powerful  mineral 
retainer.  At  the  time  of  its  precipitating  it  holds  the  minerals 
and  pigments,  preventing  subsequent  loss  on  the  sand-tables  and 
backwater.  Its  other  and  perhaps  more  important  function  is  its 
strength-giving  qualities.  This  is  a  quality  which  cannot  be 
claimed  either  for  starch  or  rosin,  except,  perhaps,  in  very  weak 
papers. 

(^)  It  stands  to  reason  that  thin  papers  re(juire  more  rosin, 
&c.  than  thick  papers.  Within  certain  limits  of  thickness  there 
is  no  difficulty. 
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(/)  A  "  wet "  stuff  requires  less  sizing  than  a  "  free  "  stuff, 
the  wet  stuff  being  in  itself  somewhat  of  a  sizing  agent.  I  have 
met  with  an  extreme  case  of  a  fibre  working  so  wet  that  it  could 
not  be  operated  upon  the  machine,  and  witli  difficulty  only  in  the 
hand  mould.  The  waterleaf  when  dry  wonld  bear  ink  as  well  as 
any  tub-sized  paper.  The  same  is  the  case,  only  in  a  less  degree, 
with  all  wet-working  stuffs.  Stuff  working  wet  saves  gelatine  in 
the  tub-sizing.  Stuff  working  free  requires  often  a  large  per- 
centage to  give  it  ink-bearing  qualities. 

Question  A.— Stale  your  ideas  as  to  the  future  of  eledrkity  as  a 
motive  power  in  the  paper  mill,  and  describe  what  tjou  know  of  its 
application  at  the  present  time.    (25  marks.) 

Answer. — Paper  mill  manufacturers  are  fast  awakening  to 
the  saying  to  be  effected  through  the  application  of  electricity  to 
the  driving  of  papermakiug  machinery.  Cases  are  very  rare  in 
which  a  very  considerable  saving  cannot  be  effected  by  adopting 
electricity  as  a  driving  power.  The  necessary  machinery  for  the 
manufacture  of  paper  covers  very  considerable  floor  space,  result- 
ing in  either  long  lines  of  heavy  shafting  and  considerable  counter- 
shafting  in  order  to  drive  from  a  single  engine  near  the  boilers, 
or  in  several  engines  distributed  over  the  works  at  considerable 
distances  from  the  boilers.  With  either  arrangement,  no  pro- 
vision for  spares  is  practicable,  hence  the  breaking  down  of  a  main 
engine  results  in  the  shutting  down  of  the  whole  plant. 

By  the  application  of  motors,  the  shafting  and  counter-shafting 
losses  are  practically  eliminated,  and  the  ^motors  can  be  so 
distributed  as  to  really  provide  spares,  rendering  a  complete 
shut-down  only  the  remotest  possibility.  All  machinery  not  in 
continuous  use  can  be  shut  down  quickly,  and  therefore  no  power 
whatever  is  used  in  driving  such  machinery  or  its  shafting  except 
when  actually  in  use. 

Owing  to  counter-shafting  and  long  transmission  hues,  more 
power  is  lost  than  is  actually  required  to  operate  the  small 
machines,  such  as  reelers,  cutters,  &c.  This  loss  is  almost  entirely 
eliminated  by  the  use  of  electricity. 

In  general,  however,  machinery  in  paper  mills  can  be  profitably 
operated  by  electricity.  Some  electricians  think  that  paper- 
machines  which  use  steam-engine  and  exhaust  steam  for  drying 
the  paper  are  more  economical.  The  efficiency  of  steam-driven 
plants  is  sometimes  low,  and  as  the  power  lost  in  driving  the 
shafting  is  practically  constant,  regardless  of  load,  the  efficiency 
of  operation  rapidly  falls  with  light  loads. 
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It  has  been  the  experience  of  the  Westinghouse  Company  that 
electrical  installations  in  paper  mills  will  pay  for  themselves  in 
from  two  to  five  years.  Electric  driving  is  undoubtedly  the  future 
motive  power  for  paper  mills,  as  it  allows  of  the  greatest  saving 
in  cost  of  operation  and  requires  little  attendance.  The  repairs 
are  small,  the  motors  occupy  little  space,  large  speed  variations 
can  be  obtained  economically  and  quickly,  extensions  can  be  made 
easily,  and,  as  a  natural  consequence,  the  output  of  the  mill  is 
almost  invariably  increased  by  from  5  to  10  per  cent. 

Remarks. — Electrical  engineers  are  now  so  far  assured  that  they  are  able  to 
guarantee  large  savings  in  many  instances.  There  is,  however,  something  in  the 
criticism  that  the  electric  plant  is  replacing  old  and  wastefid  plant,  and  that  the 
same  percentage  saving  could  not  he  shown  against  an  up-to-date  steam- plant. 
Personally,  I  have  never  been  converted  to  the  theory  of  economising  exhaust 
steam  for  drying  cylinders,  although  I  have  seen  a  lot  of  it  in  practice,  and  read 
and  heard  arguments  on  both  sides.  As  to  the  advantages  of  electric  drive  for 
paper-machines,  I  should  have  thought  there  could  have  been  no  difference  of 
opinion.  The  exhaust  steam  used  for  cylinders  should  not  be  subject  to  the 
vagaries  of  the  engine-driving,  which  may  or  may  not  be  equal  to  the  drying 
requirements.  I  am  inclined  to  think  that  although  theory  points  to  the  steam- 
engine  exhausting  into  cylinders  as  being  more  economical  than  steam-engine  and 
independent  supply  to  steam-drying  cylinders,  a  little  common  sense  and  less 
theory  Avould  reveal  the  fact  that  exhaust  steam  into  the  drying  cylinders  is  the 
wrong  thing  from  an  economic  and  practical  point  of  view  in  nine  cases  out  of  ten. 
There  might  be  one  case  in  ten  where  the  exhaust  steam  system  Avould  pay,  but 
I  doubt  it.  When  electricians  tell  us  (or  some  of  them)  that  a  steam-engine  is 
more  economical  than  a  motor  merely  becr.use  the  exhaust  steam  is  usable  for 
heating  the  drying  cylinders,  I  fancy  they  must  be  misled  by  papermakers  who  still 
advocate  this  view. 

One  of  the  great  advantages  of  electric  drive,  apart  from  the  question  of 
economy,  is  being  able  to  know  at  any  moment  just  what  power  your  machine  is 
absorbing,  because  if  you  know  you  can  generally  so  control  your  machine  as  to 
save  some  of  the  power. 

Question  5. —  What  tests  ran  be  applied  to  stuff  in  the  beater 
to  folloiv  the  progress  of  heating  ?  Sketch  a  plan  of  systematic, 
records  in  regard  to  the  preparation  of  the  stuff.  How  can  the  beating 
be  influenced  by  chemical  tneans  ?    (25  marks.) 

As  regards  the  length  of  the  stuff,  at  the  early  stages  of  the 
beating  the  appearance  and  feel  and  travel  are  a  sufficient  guide. 
As  ths  beating  advances  the  progress  can  be  judged  by  drawing  a 
wire  through  the  stuff  from  centre  to  midfeather  and  lifting  it 
horizontally.  The  way  the  stuff  lodges  on  the  handle  of  the  wooden 
stirrer  as  it  is  raised  nearly  horizontally  from  the  stuff  will  tell  an 
experienced  beaterman  at  a  glance  the  condition  of  the  fibres  at 
the  early  stages.  Where  great  care  is  necessary  in  clearing  the 
fibres  and  bringing  them  to  the  right  length,  a  little  stuff  is  taken 
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in  a  rubber  hand -bowl  from  different  parts,  so  as  to  secure  an 
average  mixture.  A  second  hand-bowl  is  taken  with  some  water 
in  it,  and  the  water  and  stuff  poured  backwards  and  forwards 
from  one  hand-bowl  to  the  other.  The  stuff  is  diluted  down  by 
periodically  adding  additional  water  and  allowing  it  to  overflow 
into  the  beater  until  separate  fibres  can  be  seen  floating  in  the 
liquid.  The  stuff  is  then  poured  carefully  and  slowly  from  one 
hand-bowl  to  another.  If  the  stuff  is  not  cleared,  or  if  the  stuff 
contains  knots,  there  is  no  difficulty  in  noticing  them  as  the  stuff 
overflows  the  lip  of  the  hand-bowl.  It  will  be  noticed,  further- 
more, that  the  fibres  set  themselves  in  one  direction,  according  to 
the  direction  of  the  current,  and  an  experienced  beaterman  can 
readily  judge  whether  the  fibres  are  reduced  to  the  necessary 
extent,  and  obtains  a  general  impression  of  the  felting  qualities  of 
his  stuff.  The  whole  process  does  not  take  longer  to  perform 
than  to  describe. 

The  rate  of  flow  in  a  beater  can  be  observed  by  following  the 
suggestions  as  indicated  in  Parts  VI.  and  VII.,  "Theory  and 
Practice  of  Beating,"  see  The  Papeemakee,  November  1  and 
January  1,  1903.  "  A  rough-and-ready  way  is  to  put  a  streak 
of  colour  right  across  the  stuff  just  as  it  leaves  the  roll,  and  to 
observe  how  long  it  takes  to  get  back  to  the  same  spot  and  so 
make  a  complete  revolution,  the  distance  of  which  can  be  got  at 
by  calculation  if  it  is  desirable  to  find  the  rate  of  travel."  _  For 
information  as  to  systematic  records  see  above-mentioned  articles. 

The  beating  can  in  certain  cases  be  hastened  by  chemical 
means.  The  stuff  can  be  tendered  by  acids  in  cases  where  short 
and  free  stuff  is  required  and  where  strength  is  of  little  moment. 
Rags  and  jute  can  be  piled  up  after  lime  boil,  and  allowed  to 
ferment  and  get  hot  prior  to  beating.  The  chemical  treatment 
can  be  made  to  dispose  of  three-fourths  of  the  power  for  beating, 
but  except  for  special  purposes  the  stuff  is  useless.  Alkaline  sub- 
stances cause  a  slipping  and  easier  motion  of  the  fibres,  under 
such  conditions  the  circulation  is  promoted  and  the  beating  more 
readily  accomplished  =  For  obvious  reasons,  however,  these  ex- 
pedients cannot  be  resorted  to  in  ordinary  practice. 

Waxy  substances  sometimes  form  on  the  sides  of  beater  which 
alter  the  skin-friction,  and  so  in  a  measure  alter  the  travel.  I  am 
of  opinion  that  when  these  substances  are  formed  the  stuff  travels 
better  and  that  there  is  less  friction. 

Question  6. — Hoiv  would  you  proceed  to  produce  a  '■'■feather- 
iveight 'printing  at  2^d.per  lb.  ?  Schedule  the  materials  you  would 
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itse  and  the  practical  details  you  would  observe  in  the  manufacture 
in  ord^r  to  impart  the  desired  characteristics  to  the  finished  sheet. 
(25  marks.) 

Answer. — Featherweight. — Some  mills'  are  now  prodaciag  a 
fairly  good  featherweight  from  bleached  sulphite,  but  at  2\d.  per 
lb.  a  good  esparto  paper  can  be  had.  The  preparatory  processes 
are  as  usual,  but  the  bleaching  must  be  done  quickly,  and  all  the 
machine-tackle  must  be  worked  so  as  to  give  as  large  a  bulk  as 
possible.  The  wet  felt  must  be  of  a  close  texture  so  as  to  avoid  a 
felt  mark,  which  only  heavy  rolliug  will  cover  up,  and  the  press 
rolls  and  couchers  must  be  hung  a  little  so  as  to  give  as  much 
bulk  as  possible. 

Eemarks. — Much  lias  been  written  in  Paper  and  PfLP  from  time  to  time  on 
the  subject  of  the  bulking  of  paper  which,  in  a  measure,  would  assist  in  framing 
an  answer  to  the  foregoing  question. 

Question  7.— Give  a  general  account  of  hard  and  soft  toaters 
in  relation  to  (a)  steam  raising,  (b)  the  paper maUng  pirocesses.  A 
water  contains,  per  100,000  ^«r/s,— 

GaCO-^  {as  bicarbonate)    18-5 

MgSO,    9-4 

Calculate  the  chemicals  required  to  soften  per  100,000,  and  show 
the  advantages  of  using  the  softened  water  in  the  case  of  an  esparto 
mill.    (30  marks.) 

Answer. — As  to  steam  raising,  the  hardness  of  water  is  a 
decided  objection,  as  it  produces  scale  in  boilers,  which  makes  the 
plates  less  heat-conducting  and  increases  the  coal  bill,  and  is  par- 
ticularly objectionable  and  sometimes  dangerous  when  there  is 
oil  in  the  water.  Carbonate  of  lime  alone  would  not  be  so 
serious,  as  this  salt  forms  either  a  powder  or  a  soft  incrustation 
which  is  easily  removed.  When  carbonate  of  lime  is  associated 
with  sulphate  or  with  magnesia  salts,  the  incrustation  is  often 
very  hard  and  difficult  to  remove.  All  very  soft  waters  have  a 
tendency  to  corrode  the  steam-boiler  plates.  This  does  not  take 
place  in  presence  of  alkalies  or  lime  salts,  hence  it  is  advisable  to 
leave  about  8  degrees  of  hardness  in  a  softened  water,  unless  there  is 
a  very  small  amount  of  carbonate  of  soda  in  excess.  If  a  boiler 
has  been  run  for  a  few  days  on  hard  water,  so  as  to  give  a  thin 
coating  of  lime  salts,  it  can  then  be  put  on  to  soft  water  without 
any  fear  of  corrosion  to  the  plates. 

For  the  purposes  of  papermaking  hard  water  has  its  advan- 
tao-es.    It  assists  the  papermaker  to  produce  neutral  or  slightly 
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basic  paper.  It  gives  to  certain  high-class  papers  a  finish  and 
appearance  perhaps  impossible  to  get  in  districts  supplied  only 
with  soft  water.  It  can  with  greater  safety  be  conveyed  and 
stored  in  a  paper  mill  in  wrought  or  cast-iron  pipes  and  tanks 
without  dissolving  out  iron.  It  has  the  disadvantage  of 
consuming  considerable  quantities  of  alum  in  the  chest  or  engine, 
because  the  hardness  of  the  water  has  to  be  neutralised  or  over- 
come before  the  alum  can  have  its  proper  effect  upon  the  rosin. 
On  the  whole,  I  consider  a  water  containing  up  to  21  degrees  of 
hardness  is  a  decided  advantage  for  papermaking  (apart  from  the 
steam  raising). 

The  advantages  of  a  soft  water  are  that  it  does  not  consume 
alum,  and  possibly  it  may  produce  a  softer  paper  if  desired. 
There  are,  however,  some  disadvantages  in  the  use  of  a  water 
that  is  naturally  soft.  Such  a  water  is  often  a  surface  or  moor- 
land water,  and  mere  or  less  coloured  with  peaty  and  organic 
matter,  and  is  more  likely,  in  my  opinion,  to  contain  iron  and 
other  things  likely  to  discolour  a  high-class  paper.  A  hard  water 
is  often  derived  from  underground  sources,  perhaps  at  a  consider- 
able depth  from  the  surface,  and  has  undergone  a  natural  filtra- 
tion, and  is  often  clear  and  colourless.  These  rules,  however,  do 
not  always  hold  good.  A  soft  water  corrodes  tanks  and  pipes, 
and  becomes  discoloured  by  the  dissolved  iron,  which  is  liable  to 
affect  the  colour  of  the  paper.  Soft  waters,  especially  those 
derived  from  moorland,  are  liable  to  act  upon  lead  pipes,  but  this 
IS  stopped  if  a  slight  trace  of  carbonate  of  soda  be  added,  or 
when  the  water  does  not  contain  less  than  three  grains  of  lime 
salts  per  gallon. 

CaCOa  requires  CaO  for  its  precipitation. 
100  requires  oG  by  theory. 
100  requires  60-70  Buxton  lime  by  practice. 
CaCOa  would  require,  say — 

18-5  X  60 

 —  =  11*1  parts  of  lime  per  100,000 

=  15*9  grains  per  gallon 
=  15,1)00  grains  per  1000  gallons  : 
15,900 

7,000 ' 

The  following  extract  from  Mr.  Harold  Collet's  book  on 
water  softening  and  purification  gives  the  necessary  information 
demanded  in  this  question  : — 

M 
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"  Sulphate  of  magnesia  is  very  soluble  in  water,  10  lbs.  of 
cold  water  dissolving  3  lbs.  of  it.  Its  solubility  is  also  much 
increased  by  rise  of  temperature,  and  it  is  not  hable  by  itselt  to 
cause  any  scale  or  deposit  in  boilers,  alihough  further  on  it  will 
be  shown  that  it  has  some  action  in  this  direction  when  in  com- 
pany with  certain  other  substances.  Nor  is  it  corrosive  or 
destructive  to  boiler  plates,  so  that  by  itself  it  has  practically  no 
effect  in  a  boiler.  It  does  not  even  cause  priming  to  any  appre- 
ciable extent,  but  it  very  much  hinders  the  removal  of  lime  salts, 
and  may  thereby  make  itself  exceedingly  objectionable.  Ihis 
has  already  been  mentioned  when  speaking  of  quickhme,  where 
it  was  stated  that  its  presence  impedes  the  application  of  the  lime 
(or  Clark's)  softening  process  pure  and  simple,  by  reason  of  the 
formation  of  sulphate  of  lime.  An  example  will  make  this  point 
clearer.    Let  us  take  a  water  containing  of 

Carbonate  of  lime    10  grains  per  gallon 

Sulphate  of  magnesia    10     „  „ 

The  hardness,  as  indicated  by  the  soap  test,  will  be  about  18  degrees, 
but  its  scale-forming  power  in  a  boiler  will  only  be  10  grains 
per  gallon,  due  to  carbonate  of  lime.    If  the  water  be  treated 
with  lime  to  remove  the  carbonate  of  lime,  we  may  get  rid  of 
7  grains  of  carbonate  of  lime,  while  the  sulphate  of  magnesia 
will  be  decomposed,  magnesia  hydrate  will  be  precipitated,  and 
sulphate  of  lime  to  an  equivalent  extent  will  remain  in  solution. 
The  water  will  then  contain 

Carbonate  of  lime         ...       ...      3  grains  per  gallon 

Sulphate  of  lime   H     „  55 

The  hardness  will  be  about  1 1  degrees  by  the  soap  test,  but  the  scale- 
forming  power  will  be  14  grains  per  gallon,  as  against  10  grains 
before  treatment,  while  the  resultant  scale  will  be  much  harder 
than  that  made  by  the  untreated  water. 

"  In  such  a  case  as  the  preceding,  soda  must  be  used  to  decom- 
pose the  sulphate  of  magnesia.  The  decomposition  of  sulphate 
of  magnesia  by  carbonate"  of  soda  is  different  from  that  of  sul- 
phate of  lime.  When  treated  cold,  the  precipitate  is  a  mixture  of 
carbonate  of  magnesia,  hydrated  oxide  of  magnesia,  and  water, 
having  the  composition — 

^MgCO^MgHoO,  +  !)Aq. 
When  the  solution  is  boiled,  the  greater  part  of  the  water  is 
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driven  out,  and  some  of  the  carbonic  acid,  aud  the  precipitate 
becomes — 

3MgC03MgH,0,  +  3Aq. 

The  second  Ivind  of  precipitate  is  less  soKibie  than  that  first 
described,  which  explains  the  superior  results  obtained  by  treatino- 
magnesian  waters  hot.  Caustic  soda  is  a  better  precipitant  than 
the  carbonate  of  soda,  as  it  produces  the  highly  insoluble  hydrate 
of  magnesia  ;  this  is  generally  mixed,  when  treated  cold,  with 
some  of  the  more  soluble  carbonate  and  hydrate  mixed  precipitate 
first  described,  owing  to  the  presence  of  carbonic  acid  in  the 
water  ;  but  if  the  water  is  treated  boiling,  the  precipitate  is  nearly 
pure  hydrate.  Instead  of  using  caustic  soda,  carbonate  of  soda 
may  be  used,  with  the  addition  of  sufficient  lime-water  to  com- 
bine not  only  with  the  carbonic  acid  in  the  water,  but  also  with 
that  in  the  carbonate  of  soda,  which  is  thus  partially  causticised, 
but  this  method  is  inferior  to  the  caustic  soda  process,  and  rarelv 
gives  such  good  results."  , 

(^(MCSTION  S.—  W/iat  do  ijou  Imow  of  the  requirements  of  an 
'  tindatumart"?  Give  cm  approximate  fur nish  for  this  grade  of 
:pa])er  at  t%d.  per  tb.,  and  state  how  you  would  treat  it  in  the 
various  processes  from  the  wet  end  to  the  cutter  in  order  to  net  the 
best  residts.    (20  marks.) 

Kmjmi.— Imitation  Art.  —  Furnish  Spanish  esparto,  well 
boiled,  fairly  beaten,  and  well  closed  on  the  wire,  a  good  pressure 
on  couchers  and  press  rolls,  dry  felts  well  tightened,  and  water 
doctors  used  on  the  machine  calenders,  so  as  to  impart  a  smooth 
finish  and  cover  up  the  wire  and  wet  felt  marks.  The  coucher 
must  be  regulated  so  as  to  avoid  too  pronounced  a  wire  mark 
and  the  finer  the  mesh  of  the  wire  the  better  the  results  will  be 
obtained. 

Another  case  in  point.  Our  furnish  would  be  75  per  cent 
esparto  and  25  per  cent,  soda  wood,  our  engine  broke  in  six' 

00  to  33  per  cent,  china  clay  (or  rather  these  figures  in  ashV 

1  he  sizing  exactly  as  for  an  E.S.  writing.  Stuff  must  be  fine 
and  fairly  free.    1  ine  for  two  reasons-(l)  to  carry  the  loading  ; 

2)  to  take  away  the  lumpiness  or  flaky  appearance  usually  on 
the  surface  of  printing  and  supercalendered  papers.  Our  water 
doctors  fixed  on  the  first  stack  calenders.  (Some  mills  have  a 
small  stack  of  three  before  this,  the  idea  being  to  lay  down  the 
hairs  usua  ly  seen  on  the  surface  of  an  esparto  paper  before  treat- 
ment at  the  water  doctor.)    You  are  aware,  of  course,  that  the 
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calender  roll  on  which  the  doctor  is  runs  away  from  the  water, 
carrying  a  layer  of  water  right  on  the  roll.  The  roll  being 
treated  causes  water  to  boil  or'effervesce  as  it  passes  in  the  "  nip  " 
in  that  condition.  The  underside  of  the  sheet  is  treated  in  a 
like  manner  on  the  other  side  of  the  rolls,  one  nip  lower,  of 
course.  Two  stacks  of  calenders  are  used  for  drying  and  glazing 
(heated  by  10  lbs.  steam),  each  roll  having  a  doctor  to  catch  the 
fluff  and  prevent  sticking.  About  the  best  way  to  see  any  differ- 
ence between  water-glaze  and  supercalendering  is  to  compare  the 
Strand  and  Windsor  magazines.  The  water  used  for  water 
finish  is  either  distilled  water  or  condensed  steam  water.  A 
small  addition  of  rosin  size  is  quite  as  good  as  any  one  of  the 
many  preparations. 

Question  ^.—Criticise  the  expression  "  hrealdng  Jemjik "  of 
]l)apers,  and  shoiv  -where  it  fails  as  a  comparison  of  actual  brealcing 
strains.  What  do  you  propose  in  its  p'ace?  Propose  such  tests  of 
"  opacity  "  and  "  surface  "  or  finish  as  admit  of  numerical  records. 
(25  marks.) 

Answer. — In  answer  to  the  first  part  of  this  question,  I 
cannot  do  better  than  refer  readers  to  the  recently  published 
pamphlets  on  the  "  C.B.S.  Units." 

On  the  second  part  of  the  question  very  little  work  has  been 
done.  I  devised  a  simple  instrument  whereby  the  opacity  of 
different  papers  could  be  measured  and  referred  to  a  standard. 
The  expression  "  opacity  thickness  "  designates  the  thickness  of 
the  number  of  sheets  in  millimetres  necessary  to  extinguish  the 
lioht  when  seen  throughout  a  distance  of  one  foot  from  a  one- 
candle-power  lamp.  The  opacity  number  of  the  paper,  which  is 
dependent  upon  thickness  as  well  as  upon  fibre  substance,  is  the 
number  of  thicknesses  of  papers  required  at  one  foot  from  stan- 
dard lamp  to  obliterate  light.  Being  now  engaged  in  a  series  of 
researches  in  reference  to  this  matter,  I  am  hardly  in  a  position  to 
express  a  definite  opinion  as  a  standard  for  opacity.  For  more 
detailed  information,  see  Paper  and  Pulp,  March  15,  1902. 

0.  Winkler  has  been  also  working  on  the  same  subject  (see 
Paper  Trade  Eeview,  March  7,  1902),  and  quite  recently 
Dr.  Klemm,  of  Leipzig,  has  devised  a  very  ingenious  machine  for 
the  purpose  (see  Paper  and  Pulp,  October  1, 1903).  No  definite 
suggestion  appears  to  have  been  made  for  a  standard  of  surface. 
The°surface  might  be  measured  optically  by  measuring  the  reflec- 
tion. If  a  ray  of  light  were  made  to  strike  a  paper  at  an  angle 
to  its  surface,  an  unglazed  paper  would  be  illuminated,  and  would 


165 


reflect  back  the  light  en  masse ;  but  if  the  paper  was  glazed  or 
surfaced,  the  reflection  would  make  the  same  angle  with  the 
surface  of  the  paper  as  the  angle  of  incidence.  A  fairly  simple 
instrument  could,  I  think,  be  devised  that  would  take  advantage 
of  this  m  such  a  way  as  to  admit  of  the  reflection  being  measured 
and  give  a  numerical  expression  of  the  "  surface  "  of  any  paper' 
This  method  is  at  present  undeveloped. 

The  only  other  process  for  determination  and  comparison  of 
surface,  as  far  as  I  can  ascertain,  is  what  may  be  termed  the 
frictional  method.  It  is  based  upon  the  frictional  resistance  of 
the  surface  of  the  paper,  by  observing  the  rate  at  which  a  weight 
will  travel  down  the  surface  of  a  paper  when  placed  on  an  incline, 
or  the  angle  of  incline  at  which  the  weight  will  begin  to  move! 
I  am  informed  that  the  first  and  perhaps  the  only  papermaker  to 
institute  a  method  of  this  sort  was  the  late  Mr.  Thomas  Tait.  As 
far  as  I  can  ascertain,  his  method  was  to  place  a  piece  of  paper 
upon  a  hard,  rigid  surface,  such  as  a  piece  of  plate  glass,  and  a 
weight  upon  its  surface,  which  should  be  the  same  in  all  cases. 
The  glass  bearing  the  paper  to  be  tested  was  slowly  inclined  or 
tilted,  and  the  tilting  continued  until  the  weight  commenced  to 
slide.  The  angle  of  tilt  would  give  you  the  "  surface  "  or  smooth- 
ness of  the  paper.  The  smaller  the  angle  of  tilt,  the  greater  the 
surface  or  smoothness,  and  vice  versa.  Possibly  Mr.  Thomas 
Tait's  native  game  of  curling  suggested  this  method  to  his  mind 
This  mode  of  testing  and  comparing  the  "  surface  "  appears  the 
most  feasible  one,  and  one  that  might  be  easily  applied  in  ordinary 
practice. 

As  regards  "  surface  "  as  it  appeals  to  the  touch  or  feel,  the 
frictional  method  appears  the  most  feasible  ;  but  from  the  point 
of  view  of  "  surface  "  judged  from  general  appearance,  an  optical 
method  would  be  the  best  criterion.  As  an  instance,  I  would 
mention  that  the  suitability  of  an  "  art "  paper  to  receive  half- 
tones should  be  judged  in  a  measure  by  the  frictional  method, 
whereas  the  Lability  of  an  art  paper  to  produce  "fatigues  of 
vision  "  should  be  judged  and  measured  by  the  optical  method. 

Question  10.  —  Describe  how  you  would  inoceed  to  convert 
10  tons  of  jute  bagging  into  a  strong  cartridqe  paper,  and  schedule 
the  duration  of  each  stage,  with  the  percentage  of  c//emicajs  steam 
pressure,  'and  temperature  of  bleaching  solution.  Stcde  how  you 
would  prevent  chlorination  of  the  fibres,  when  obtaining  as  white  a 
colour  as  possible,  consistent  ivith  retaininq  the  strength  and  the 
yield  of  finished  paper  you  would  expect  to  obtain.    (25  marks  ) 
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Answee— The  yield  of  finished  paper,  considering  that  the 
colour  required  is  not  high  enough  to  cause  waste  by  chlorination 
of  the  fibres,  should  be  about  47  per  cent,  of  the  weight  of  the 

jute  treated.  ^  ■^  a  ■  ■ 

Chlorination  takes  place  most  readily  when  boiled  jute  is 
exposed  to  an  atmosphere  of  chlorine  gas.  The  chlorination  is 
less  and  bleaching  action  more  when  boiled  jute  is  treated  with 
bleaching  powder  solution.  To  further  avoid  chlorination  as  tar 
as  possible,  I  should  recommend  removing  as  much  non-cellulose 
as  possible  by  boiling  and  washing  prior  to  bleaching,  i^urther 
and  more  detailed  information  on  the  treatment  of  jute  appears 
in  back  numbers  of  Papke  and  Pulp,  where  the  subject^^of 
lime-boiling  is  fully  discussed  in  "  Answers  to  Test  Questions. 

Question  I— Give  a  classificafion  of  raw  fibrous  materials 
and  commercinl  half-stuffs  (1)  according  to  chemical  character iMics ; 
(2)  according  to  the  main  tgpes  of  paper  which  theg  are  used  to  pro- 
duce.   (25  marks.) 

Answer. 

Lignified  Series,  with  Greater  LignifraJinn  at  Top— 

Mechanical  wood. 
Jute,  unbleached. 
Straw,  unbleached. 
Hemp,  unbleached. 
Sulphite  wood,  unbleached. 
Sulphate  wood,  unbleached. 
Soda  wood,  unbleached. 
Soda  wood,  bleached. 
Sulphite  wood,  bleached. 

Gelkdose  Residue  Series — 

Bleached  esparto  and  straw. 
Bleached  flax  or  linen  rag  stuff. 

Pecto  Series — 

Unbleached  flax. 

Seed  Hairs — 
Cotton. 

Oxgcelluloses,  uith  Highest  at  Top — 
Bleached  straw. 
Bleached  chemical  aspen. 
Bleached  esparto. 

And  all  paper  stock  that  has  been  over-bleached. 
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Hi/drocelMose — 

Tender  rag  stock. 

Cellulose  Hydrate — 

Linen  beaten  "  wet,"  whether  from  flax  or  linen  rags. 
Undercooked,   unbleached  sulphite,  more  particularly 

when  used  straight  from  digester. 
Possibly  bleached  straw,  more  particularly  after  wet 
storage. 

Trade  Classification. 

Writings,  J)m/rin/js,  Cartridges — 
Linen. 
Cotton. 

Bleached  chemical  wood. 

Locms  and  Banks — 
Linen  and  flax. 

Sometimes  carefully  prepared  bleached  sulphite  {coniferm). 
All  beaten  wet. 

Filter  Paper  and  Blottings — 

Formerly  nearly  all  cottons,  but  now  linen  properly 
manipulated,  and  a  growing  tendency  to  use  certain 
kinds  of  wood.   Sometimes  about  10  per  cent,  mineral, 
but  preferably  none. 
A  further  and  useful  classification  can  be  made  in  accordance 
with  cellulose  percentage,  which  would  run  somewhat  on  the 
lines  of  lignification  series,  except  that  bleached  wood  would 
come  at  top,  instead  of  mechanical. 


0th Ell  Particulars. 

Typewriting  Papers — 
Cotton. 
Linen. 

With  growing  tendency  to  use  chemical  aspen  or  short- 
fibred  bleached  wood. 

Best  Booh  Paper  and  Best  Periodicals — 

Edition  de  luxe,  rag,  hand-made  and  machine-made. 
Esparto,  best  printing  qualities,  stronger  when  mixed 

with  bleached  chemical. 
Straw,  .5  per  cent,  added  to  harden. 
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rriniing  Papers — 

Chemical  wood  or  mixtures  of  chemical  and  mechanical 
down  to  SO  per  cent,  mechanical  for  news. 

For  Process  PrintiiKj — 

Imitation  "  art,"  containing  esparto,  chemical  wood,  and 
clay. 

The  best  art,  containing  esparto  and  coated. 
The  worst  art,  containing  mechanical  (!(»  per  cent., 
chemical  and  clay,  and  coated. 

Sfroiui  Wrappings — 

Hemp  flax  and  underboiled,  unbleached  chemical  wood. 
Cal)le  Pa/per  should  only  contain  hemp. 

Remarks. — The  above  is  by  no  means  a  complete  classification,  but  merely 
by  way  of  example. 

Question  12. —  Whcllirr  do  i/ov  consider  it  to  he  more  economical 
fo  supplement  the  s/eam-raisin//  phinl  Inj  installinf/  a  forced  draught 
apparatus  with  mechaniccd  stoking,  or  by  adding  an  additional  hoiler 
and  firing  Inj  hand'?  State  which  type  of  forced  draught  and  me- 
chaniccd stolcer  you  consider  most  efficient.    (25  marks.) 

Answer. — In  most  cases  it  appears  that  the  most  economical 
method  of  firing  is  to  have  one  boiler  more  than  is  actually 
required  for  work  and  to  fire  by  hand.  If  a  forced  draught  must 
be  used,  some  people  prefer  the  Meldrum  without  the  improved. 
Some  consider  the  "  Koker"  stoker  is  the  best  from  their  experi- 
ence. The  Dennis  has  found  much  favour  of  late,  and  their 
so-called  "  improved  '  Koker,'  "  Years  ago  the  Yickers  mechani- 
cal stoker  was  largely  used. 

The  writer  made  many  trials  some  years  ago  with  mechanical 
stokers  and  forced  draughts  on  different  qualities  of  coals.  The 
question  of  hand  firing  versus  forced  draught  is  largely  dependent 
upon  quality  of  coal  used.  If  a  good  stoker  uses  his  head  as  well 
as  his  hands  he  can  save  a  lot  of  coal  in  hand  firing,  and  a  man 
in  charge  of  mechanical  stokers  can  waste  a  lot  of  heat  if  he  is 
a  fool. 


INDEX. 


PAGK 


Alum   J*J 

Annandale's  process   °^ 

Arcbbiitt  and  Deeloy  process    r,Q  en 

Art  paper   


Backwater   

Barton,  Richard   

Bayley's  "  Chemists'  Pocket-book  " 

Beater  bars     

Beating   

„      engine         ...       .-•  f 
Bertrams,  Ltd. 

Bertram's  vacuum  ejector  

Beveridge's  "Pocket-book"  

Bicarbonate  of  soda  ...   

Bleaching  powder   

Blottings     

Blowing        ...  ...   

Boiling   

Book  paper     

Breaking  and  bleaching   

length  of  papers  

Breast  roll,  lowering  and  raising  of 
British  Westinghouse  Electric  and  Manufacturin 

Bronze    

Brown,  H.  J  ,  jun   •• 


1 

106 


10 


Co.,  Ltd.  . 


83 
93 

...  103 

138 

130, 146,158 
58 

115,  124,  134 
...  149 
...  105 
...  151 
117, 142, 151 
56, 132 
..  140 
86 

109, 131 
87 
164 

55 

157,  158 
138 
132 


Cable  paper  ... 
Calcium  sulphate 
Carbonate  of  soda 
Carbonic  anhydride 


71 
151 
151 
148 


170 


TAGK 

Cartridge  paper    83,  122 

Casein    ]  53 

Casings,  glazed    106,  146 

Caustic  lime  ...       ...       ...       ...       ...       ...       ...       ...       _  ,  15^ 

soda   1)7,  103,  106,'l23,  150 

<'ellulu.c    112,  130 

paper   57^  81 

Chemicals,  proportion  of      132 

CJiemistry  and  constitutional  difficulties      4 

„        and  engineering    2 

Chemist,  relation  of  the,  to  papermaking  ...       ...       ...       ...  5 

China  clay      I52 

Chlorination  of  fibres         ...       ...       ...       ...       ...       ...       ...  IQ5 

Chlorine      142 

Chromo  paper  ...       ...       ...       ...       ...       ...       ...  153 

Clai>perton,  George   .'S2,  54,'  93,  134 

Coal        g7 

Coating  materials    ...       ...       ...       ...       ...       ...       ...  115 

Coburn  Taylor         ...        q-j 

Colour,  the  fading  of         ...      52 

Colouring  materials   115 

Condensation  of  steam        ...       ...       ...       ...       ...       ...       ...  104 

Consumption  of  steam      123 

Cornett's  system  of  treating  esparto    114 

Correspondence  tuition    18 

Cotton  paper   ■  "83^  135 

»     pieces   55 

Cottons  for  blottings ...       ...       ...       ...       ...       ...       ...       ...  122 

„     unbleached.  For  loan  papers    ...       ...  132 

Criticisms    85^  93,  145 

Cross,  C.  F   93,  134 

Cross  &  Bevan    .       ...  67,106  136 


D 

Davis  Bros     ...  131 

Determination  of  moisture     54 

Drowsen  Droenfeldt       66 

Drying  cylinders,  heating  the      123 


E 

Economy  in  boiling  rags  with  caustic  soda    123 

Education  abroad    ...       ...       ...       ...       ...       ...  19 

„        by  tradition  and  geographical  isolation       ...    n 

„        int^grale  ...       ...       ...       ...       ...       ...       ...       ...  14 

Educational  opportunities,  want  of        ...    8 

Electricity  as  a  motive  power  in  the  paper  mill   I57 

Electric  motor  substituted  for  steam-engine                          ...       .  .  70 

Esparto                                 52,  63,  73,  103,  114,  122,  126,  13.5,  14.3,146,  154 

„     mill   60 


171 


PAGE 

.    .  56.  154 

E.  S.  printings    g5 

„    writings         ...    """  j23 

Exhaust  steam   


51 

Fading  of  colour,  the  prevention  of   • 

Featlierweight  printing    ■'' 

Fibres  in  waste  waters       ...  "  166 

Fibrous  materials,  raw,  classification  ot  ...    „o 

„      material,  suitability  of,  for  papermakmg   

Fine  writings  '  '  132 

Flax  waste    ^gg 

Forced  draught  apparatus  ...    IQg 

Friction-glazed  printings,  soft-sized   

Froth  and  air  bubbles,  the  prevention  of   ■ 

Furnish,  suitability  of   


,     .    103 

Ganot's  physics    22  29,  30, 127,  153 

Gelatine      102 

Glaisher's  tables    223 

Griffin  and  Little     


H 

55 

Half-stuff,  conversion  into   j'^g 

Hand-made  paper    223 

Heating  the  drying  cylinders    gg 

Hollander  beating  engine  

Hydrometer   203 

Hygrometer  ... 


  163 

Imitation  art  paper   206 

Imitation  parchments   


...  52,  132,  165 

Jute   


Klemm,  Dr. 


K 


164 


172 


Lechler,  Paul    '■age 

Ledgers    .  '    107 

Lignone        ...       ...                                 '"  ■■       •••  ^^^^ 

Lime   "    133 

Linen  paper   .  *'  ' 

Liuen  rags      ■•  83,135 

Linens,  new  

Loading  materials    ...    •• 

115 

M 

Magnesia    ,  ^  ^ 

M.  G.  caps    JJf 

Manilla  paper    ■  ■ 

Marslialleng'ne               '.'.]       [[[       \\\       \\\  55,122,132 

„       refiner   "      .  ' 

Mecl  1  anical  wood      ...  V>  i  In 

Milne's  patent  damper       ...               ]  \  infi 

Moisture,  determination  of                     ,[[  ^4 

„       proportion  of,  in  the  air  ...  i^i 

Multiple  effect  evaporator  ...  ipa 
Muslins  for  blottings         ...       ,[[       []]  [[\ 

N 

^"^^   56,65,14G,154 


Opacity  tests  


Paper,  art    70  qk 

hoot   '0,00 

"     I  ^   109,  131 

„     breakmg  length  of  

»     cable   •• 

"     cartridge    .\;  -83122 

„     cellulose    ' 

„     chrome    "         ' -.^o 

„     cotton   "   83  1^5 

,,     hand-made    "        "'  '  inq 

„     imitation  art  


linen 


163 


  83,  135 

manilla    ' 

plate-glazed  

printing    [[]  "' 

super-calendered    ■"  J.', 

thickness  of   '       '"   50  101 


173 


PAGE 

Paper,  tub-sized    55 

„    typewriting   100,  122,  146 

„     water-fiuished         ...       ...       ...    61 

„    weight  of      101 

„    writing   51,  125,  131 

Paperinaking  as  a  profession    4 

„         literature    9 

Paroliments,  imitation        ...       ...       ...       ...       ...       •.•       ...  116 

Patent  beating  engines    58 

Permanganate  of  potassium    ..    ...  117 

Photograph  mounts  ...       ...       ...       ...       ...       ...       ...       ...  100 

Plate-ghized  paper   ...    53 

Porion  system    130 

Power,  saving  in    149 

Practice,  necessity  for  teaching  the    12 

Presse-pate     ...    ...       ...       •.•       .■•       •■•       •..  88 

Printing  paper    53 

Pulp,  sulphite    139 

Q 

Questions,    City  and  Guilds  of  London  Institute's  Examinations  for 

P.tOl,  1902,  1903,  1904,  1905    32-49 


R 


Kag  mill      59 

Rags,  economy  in  boiling,  with  caustic  soda    123 

„     treatment  of   ...       ...       ...       ...       ...       ■•.       •••       ...  97 

Reagents,  effects  of  different,  upon  pulps   141 

Refining  engine   •  146 

Replies  to  criticisms   132,  145 

Research,  value  of   '■^O 

Rosin  size    75,127,143,155 

Rotary  furnace        ...       ...       ..    130 


Saving  in  power    149 

School  books   100 

Size,  the  use  of  specially  prepared,  in  drv  slieets  for  paper-sizing     ...  22 

Smalts                                                '   152 

Soap                                        -.•       ••■   ••  5^7 

Soda  recovery  plant                               ...    126 

„    wood  mill    60 

Specific  gravity  ». .     ,.,   23,57,101 

Spray  box    '.a.^I;;!.    ',,{..    '•,'■■'1' l  I"     l  .y-   107 

Steam,  condeatsaliSti* it'    I  i.    .       I   I'  -l**  I'M'  *\l  '';•   104 

„     consurnpfidn                 *'...'  ".'.'    *..**•••...•  •*...       ...  123 

„     raisijKr    t   160,  168 

ste^i  .ivn;*;:::^**^:*::  A  -    -           A       ^  iss 


174 


Straw  

Sulphate  of  alumina 

„       wood  mill  

Sulphite  antichlor  ... 

pulp   

Sulphuric  anhydride 
Super-calendered  jiapor 

),  printings... 
Surface  tests  ... 


f  AGIS 

135 
151 

60 
142 
139 
148 

61 
106 
164 


Technical  articles,  lectures  and  examinations  

„        education  as  applied  to  papermaking 

«  „       from  the  workman's  point  of  view 

„  equipment   

Temperature,  measurement  of   

Thickness  of  paper  

Treatment  of  rags     

Tub-sized  paper   

Tub-sizing 

Typewriting  paper  


16 
1 
10 
13 

...  101 

50,  101 
1)7 

55 

30,  127 
100,  122, 146 


U 


Ullriunarine 


152 


W 


Waltham  Watch  Co.... 
Waste  waters,  fibres  in 
Water-finished  paper 

„  softening 
Waters,  hard  ... 

„  soft   

Watson,  K.&W. 
Weight  of  paper 
Westinghouse  Co. 

Willowing   

Winkler,  O  

Wood  celluloses 

„  pulp   

Works  chemist,  duties  of 
Writing  paper 
AVurster,  Dr  


101 
61 
61 

148, 160 
160 
160 
147 
101 
157 
85 
164 
63 

66,  J  22,  130,  131.) 

  6 

...    51,  125,  131 
75,  102 


ADVERTISEMENTS. 


176 


BECKER  &  CO., 

F.  E.  R,  BECKER    LONDON. 

QEORQ.  v.d.  BUSCHE,  Jr.  HAMBURG. 

64,  Cannon  St.,  London,  E.C. 


MANCHESTER  OFFICE    .     ROYAL  EXCHANGE. 


THE  LARGEST  IMPORTERS 


OF 


WOOD  PULP. 


LABRO  TRAESLIBERI, 

Christiania. 

The  Finest  Mechanical  produced. 

ANKERS  TRAESLIBERI, 

Fredpikshald. 

Hot  Ground  P.A.  lirand. 

BJORKA  AKTIEBOLAG. 

Dry  Mechanical  Lion  Brand. 

CHICOUTIMI  PULP  CO. 

Canadian  Hot  Ground  Spruce. 

NOVA  SCOTIA 

WOOD  PULP  CO. 

BELGO  PULP  CO., 

Sehwenigen. 

SKOTSELV  CELLULOSE- 

FABRIK,  Skotselven. 

Easy  Bleaching  Sulphite. 


VESTFOS  CELLULOSE- 

FABRIK,  Christiania. 

Easy  Bleaching  Sulphite. 
{Scotland  excepted.) 

SKIEN  CELLULOSE- 

FABRIK,  SMen. 

Strong  Sulphite  Pulp. 

KONIGSBERGER 

ZELLSTOFF  FABRIKEN. 

German  Mitscherlich  Pulp. 

FORSMARK  BRUK. 

Easy  Bleaching  Soda  Pulp. 

VEREINIGTE  STROHSTOFF 
FABRIKEN. 

Bleached  Straw  Pulp. 

AKTIEBOLAGET  KAUKAS 
FABRIK, 
Helsingfors,  Finland. 


BY  THE  SAME  AUTHOR. 

CHAPTERS  ON  PAPERMAKING.   Vol.  I. 

CONTENTS. 

LECTURE  I.  Page 
Examination  op  Fibrous  Raw  Materials  for  Papbrmaking    ...  7 
Moisture— Ash— -Cellulosp— Non-cellulose— Chemical  behaviour  — Yield 
—Commercial  value— Consumption  of  chemicals— Chlorination— Pre 
cautions  for  tri  atiiient— Rag  examination. 

LECTURE  II. 

Art  Papers  as  applied  to  Process  Printing   i.  19 

LECTURE  III. 

Bleaching     ...       ...    ...    33 

LECTURE  IV. 

Chemistry  of  Bleaching   49 

LECTURE  V. 

The  Influences  of  Moisture  on  Paper    63 

LECTURE  VI. 

Chemical  Residues  in  Paper    75 

LECTURE  VII. 

Chemical  Residues  in  Paper  (continued)    86 

Definition  of  paper— Contamination  of  paper  from  raw  materials— Lime 
boiling— Removal  by  subsequent  washing— Impure  caustic— Fixation  of 
lime  from  water  by  fibres- Effects  of  different  materials  added  to  the 
chest— Mode  of  testing  papers— Indicators— Chemical  condition  of  paper 
—Soluble  constituenis— Insoluble  constituents  -  Effects  of  metallic 
residues  at  high  temper.itures- Behaviour  of  iodide  paper— Acidity  and 
alkalinity  of  diffennt  papers. 

LECTURE  VIII. 

The  Function  of  Water  in  the  Formation  op  a  Web  of  Paper  102 
LECTURE  IX. 

The  Permanence  op  Paper   

LECTURE  X.  (Part  1). 
Sundry  Physical  Qualities  of  Paper    123 

LECTURE  X.  (Part  2). 

Sundry  Physical  Qualities  of  Paper  {continued)   132 

H.M.  Stationery  Office  contracts— Nation  il  Physical  Labontory— Work 
in  Italy — Banknotes— Work  in  United  Stales  and  Sweden— Climatic  and 
local  conditions  affecting  requirements— Drawing  papers— Improvement 
on  storage  of  papers— Effects  of  time  on  stretch  and  strengih— Question 
of  bulk— Influence  of  glazing  on  bulk— Effects  of  mineral  constituents 
on  bulk— Influence  of  glazing  on  appearance— Action  of  light  on  papers 
—Transparcnc3'~0pacity— Methods  for  determining  opacity— Necessity 
for  a  uniform  method. 


London  :  H.  H.  G.  GRATTAN,  17,  The  Borough,  London  Bridge. 

5s.  net. 


OPINIONS  OF  THE  PRESS. 


NATURE. — "  There  is  the  human  side  even  to  the  highly  competitive 
production  of  modern  times,  and  authors  who  contribute  to  this  aspect  of 
industry,  and  notably  to  the  pleasure  of  the  worker,  are  deserving  of  the 
particular  encouragement  of  a  large  circulation." 

TECHNICS. — "Those  interested  in  the  manufacture  of  papers  will 
find  much  valuable  information  in  these  Lectures.  There  is,  further, 
much  that  should  receive  attention  from  publishers  and  others  who  come 
under  the  head  of  '  users  of  paper.' 

"  Mr.  Beadle  treats  the  subject  from  a  thoroughly  scientific  standpoint. 
He  mentions  many  instances  in  which  apparently  insignificant  causes  have 
momentous  results  in  the  finished  paper,  and  invariably  passes  from  a 
scientific  observation  to  a  practical  application  of  the  same." 

THE  CHEMICAL  TRADE  JOURNAL.—"  The  second  and  ninth,  in 
particular,  dealing  respectively  with  the  use  of  '  art '  papers  in  '  process  ' 
printing  and  with  the  question  of  the  permanence  of  paper,  are  especially 
interesting,  and  the  book,  as  a  whole,  is  well  worthy  of  perusal  by  all  who 
are  interested  in  the  manufacture  and  use  of  paper,  containing,  as  it  does, 
much  information  of  value  to  the  printer  and  wholesale  stationer." 

PAPERMAKER. — "  These  books  will  prove  a  valuable  acquisition  to 
any  practical  papermaker's  library." 

THE  WORLD'S  PAPER  TRADE  REVIEW.—"  A  feature  of  '  Chapters 
on  Paper-making '  is  that  the  author  opens  up  aspects  in  treating  his  various 
subjects  that  give  ground  for  further  consideration  and  discussion,  and  in 
this  way  the  interest  of  the  papermaker  and  chemist  is  likely  to  be  aroused, 
leading  to  a  further  examination  and  study  that  cannot  but  have  highly 
beneficial  results." 

PAPERMAKING. — "We  must  say  that  the  author  has  succeeded 
in  carrying  out  his  idea,  and  we  can  thoroughly  recommend  '  Chapters 
on  Papermaking '  as  a  most  useful  addition  to  the  works  on  paper 
manufacture." 

PAPIER  ZEITUNG. — "  Any  one  who  is  interested  in  the  scientific 
basis  of  our  craft  will,  if  he  can  read  English,  find  much  worthy  of  mention 
in  Mr.  Beadle's  works." 

PAPIER  FABRIKANT. — "  The  author  in  his  preface  makes  it  quite 
clear  that  this  work  has  been  carried  out  in  the  interests  of  a  progressive 
industry,  in  which  knowledge  gained  to-day  frequently  becomes  history 
to-morrow.  It  directs  the  attention  of  the  trade  to  the  future,  and  serves 
to  show  the  path  which  by  following  old  methods  and  inaugurating  new 
ones  shall  lead  to  the  perfecting  of  papermaking." 
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THE 

BEADLE  -  STEVENS 


FOR 

TESTING  BLOTTING  PAPERS. 

For  details  of  7vorkinq  sec  "  Paper  and  Pi/lp,"  Vol.  .r. ,  Se/>1.  i,  190:^,  issue 
For  Prices  apply  to 

T.  J.  MARSHALL  &  CO., 

CAMPBELL  WORKS,  STOKE  NEWINQTON,  N. 
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TO  PAPERMAKERS  &  OTHERS  INTERESTED 
IN  THE  PAPER  TRADE. 

"Paper  &  Pulp." 

A  Journal  for  the  Paper,  Pulp  &  Allied  Trades. 

UNDER  THE  JOINT  EDITORSHIP  OF 

CLAYTON  BEADLE  AND 
HENRY  P.  STEVENS. 

5s  tbe  most  xrip*to*&ate  journal  in  tbe  Zva^c, 

CONTAINS 

VALUABLE   AND  INFORMING  ARTICLES 

On  the  most  Recent  Developments  in  this 
Country  and  Abroad. 


"  PAPER  &  PULP  "  WATCHES  CAREFULLY  all  develop- 
ments in  respect  to  papermaldug  machinery  and  processes,  taking 
place  in  this  conntry  and  on  the  Continent,  and  articles  are 
published  on  any  which  are  deserving  of  special  attention. 

The  pages  of  "PAPER  &  PULP"  are  not  filled  with 
accounts  of  English  patents  ;  a  list  is  given  as  they  appear,  and 
you  can  get  any  which  specially  interest  you,  by  sending  eight 
])enny  stumps  to  His  Majesty's  Patent  Office  in  Chancery  Lane  ; 
but  some  account  is  given  of  foreign  patents,  which  are  not  easy 
for  you  to  secure,  and  which  would  require  translation  and  give 
you  a  lot  of  trouble. 

The  Subscription  to  "  Paper  &  Pulp  "  is — 

to/-  PER  ANNUM,  POST  FREE, 

and  we  shall  be  pleased  to  place  your  name  on  our  books  as  a 
subscril)er.    Kindly  write  to 

Offices  of  "PAPER  &  PULP," 

15,  BORO',  LONDON  BRIDGE,  S.E. 
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Bertrams  Limited 


Paper  Mi/1  Machinists, 
St.  Katherine's  Works,  Sciennes,  EDINBURGH. 

.   .    LATEST   PATENTS.   .  . 
EJECTORS  FOR  VACUUM  BOXES. 

A  very  great  Success.    Many  large  Mills  have  nothing  else  on  Machines. 
REFINING  ENGINES.    Orders  for  these  are  increasing. 
SIMPLEX  STRAINER.    Self-cleansing.    Nothing  better  in  use. 
DOUBLE   DRUM   REELER.     Preferred  to  all  others. 
VICTORY  DAMPER.     Best  in  the  Market.    Perfect  Regulation. 

PERFECTA  WATER  DOCTORS. 

l^roduce  excellent  cjuality  of  Imitation  "Art"  Papers  and  others  of  highest 
finish  direct  from  Paper  Machine.    Nothing  so  good  obtainable. 

ACME  BEATERS.     "  Work  like  a  charm."   Large  number  in  use. 

CENTRIFUGAL  PUMPS.    Our  own  design,  for  Paper  Mill  Work. 

PATENT  STEAM  CONNECTIONS. 

l"or  Drying  Cylinders  and  Calenders.    Higlily  efficient  and  economical. 

PATENT  LEADING  ROLLS, 

which  .Autoniatically  run  forward  slack,  or  broken  sheet,  at  Press  Rolls,  then 
resume  usual  speed  of  Machine. 

PATENT  ROPE  GEARING  FOR  PAPER 
MACHINES, 

Which  is  working  with  greatest  success  on  large  Paper-making  Machines 
in  three  British  Mills,  and  on  order  for  others. 
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IMPROVED 

CENTRIFUGAL  PUMPS. 


CENTRIFUQAL  PUMPS  OF  OUR  IMPROVED  TYPE  are  rapidly 

replacing  the  Plunger  and  Piston  Pumps  in  Paper  Mills. 
THEIR  SMALL  FIRST  COST,  ease  of  installation  and  cheapness  of 

maintenance,  make  them  preferable  wherever  they  can  be  applied. 
THEIR  EFFICIENCY  compares  very  favourably  with  that  of  Piston  or 

Plunger  Pumps,   while  the  absence  of  valves,  combined  with  the 

steady  flow  in  the  delivery  pipes,  make  them  superior  in  every  respect 

for  Paper  Mill  work. 
THE   REDUCED  SIZE  OF  PIPING   is  remarkable,  and  will  enswe 

their  adoption  in  almost  every  case  when  this  point  is  fully  considered. 

To  Illustrate  this  it  is  only  necessary  to  compare  Plunger  and  Centri  = 

fugal  Stuff  Pomps  for  a  Paper  Machine. 
A  Plunger  Stuff  Pump  for  a  large  machine  would  be,  say  8  in.  by  i8 

in.,  running  at  40  revs,  per  minute,  having  a  capacity  of  130  gallons 

per  minute,  and  would  require  5  in-  bore  piping. 
A  Centrifugal  Pump  for  the  same  purpose  would  require  to  be 

only  3  in.  bore,  this  size  having  a  capacity  of  145  gallons  per  minute, 
which,  however,  can  be  considerably  increased  without  loss  of 
efficiency. 

Where  the  piping  is  of  copper  the  initial  cost  is  much  reduced  when 
Centrifugal  Pumps  are  employed. 


BERTRAMS  LIMITED, 

Paper  Mill  Machinists, 

St  Katherine's  Works,  SCIENNES,  EDINBURGH. 
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DR.  C.  WURSTER'S 

PATENT  PULPING  ENGINES  AND  KNEADERS 

Fot*  Pulping 

Machine  "  Broke," 
Waste  Papers, 

Chemical  and  Mechanical  Pulp. 


The  Kneader  does  not  Grind,  but  only  Separates  the  Fibres. 

Loading,  etc.,  is  retained. 
For  Board  Making,  no  Boilers,  Edgerunners  and  Beaters  are 

required. 


NEARLY  200  SOLD  AND  AT  WORK. 
Output  when  Pulping  Hard-sized  Paper. 

cIt'/v  Segment  and     rn     o         j.        mi  r, 

^^-^^         ••        ••  a  half  Two  Segments.      Three  Segments. 

Output  in  21  IIks.       3  to  4  tons.  5  to  7  tons.  7  to  9  tons. 

PowEE      ..        ..       3to5H.P.  5to8H.P.  8  to  12  H.P. 
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When  using  either  Soft-sized  Papers,  Chemical  or 
Dry  Mechanical,  the  OUTPUT  IS  DOUBLED. 

THE  LARGE-SIZE  MACHINES  can  be  fitted  to 
Wash  and  Disintegrate  Rags,  resulting  in  Great 
Saving  in  Water  and  Bleach. 

SPECIAL  MACHINES  for  Unsorted  Waste  and 
Broke  Papers. 

For  FINER  SORTS  of  PAPER,  Machines  are  sup- 
plied with  Containing  Vessel  and  Arms  of  Bronze 
or  Iron,  giving  i  to  3  tons  in  24  hours. 


MACHINES  SUPPLIED  FOR  3  MONTHS  ON  APPROVAL. 


For  Particulars  apply  to— 

Dr.  C.  WURSTER, 

29,  Abbey  Road,  St.  John's  Wood, 
LONDON,  N.W. 


Dr.  0.  WuESTEE  S  Reagents  for  Mechanical  Pulp,  also  Oxidising 

and  Reducing  Agents,  for  Testing  for  Traces  of  Chlorine  and 
Sulphurous  Acid.    To  he  obtained  from— 

Dr.  ScHUCHAEDTS,  Chemical  Works,  Gorlitz. 


Small  Portable  Hygrometers,  to  Measure  the  Moisture  in  tlie  Air, 
known  as  Dr.  C.  Wuhstee's  Pocket  Hygrometer. 

To  be  ol^tained  from — 

W.  Lambeecht,  Gottingen. 


Dr.  C.  WuRSTER's  Book,  "  Le  Collage  et  la  Nature  du  Papier" 

(in  French),  dealing  with  Paper-Sizing. 

To  be  obtained  from — 

Capiomont,  Editeur,  Eue  de  Seine,  Paris. 
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BEATING  ENGINES  (Hibbert's  Patent). 
RAG  BOILERS  and  DIGESTERS. 
COATING  MACHINES. 
DRYING  MACHINES. 

SPRAY-DAMPING  MACHINES. 
ELECTRIC  MOTORS. 


7-ROLL  SUPER  CALENDER. 


MATHER  &  PLATT,  Ltd., 

Salford  Ironworks,  MANCHESTER. 
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Telephone  Number:  "79,  DALSTON." 


T.J.MARSHALL  kC9 

ESTABLISHED  1792  

Can2|»lDcII  Work? 

Stoke ;  ~ 
yNlewin$ron 


IF  YOU  WANT  A 


TELEGRAPH  "S^am^/iff^  <^£mdan 


anufacturers  of  the  SMALLEST  PAPER- 
AKING  MACHINE  in  the  World. 

Specially  constructed  for  Mill  Testings  before  malting  bulk,  the 
same  result  being  obtained  as  from  a  wide  Fourdrinier  machine. 
A  Iso  for  Technical  Instruction. 


M 


FRONT  I'ERSI'ECTIVE. 

J.  MARSHALL  8c  CO., 

GETTY  CENTER  LIBRARY   [NGTON,  LONDON,  N. 
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